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Abstract
National HIV prevention goals call for interventions that address Continuum of HIV Care (CoC) 
for persons living with HIV. Electronic health (eHealth) can leverage technology to rapidly 
develop and disseminate such interventions. We conducted a qualitative review to synthesize (a) 
technology types, (b) CoC outcomes, (c) theoretical frameworks, and (d) behavior change 
mechanisms. This rapid review of eHealth, HIV-related articles (2007–2017) focused on 
technology-based interventions that reported CoC-related outcomes. Forty-five studies met 
inclusion criteria. Mobile texting was the most commonly reported technology (44.4%, k = 20). 
About 75% (k = 34) of studies showed proven or preliminary efficacy for improving CoC-related 
outcomes. Most studies (60%, k = 27) focused on medication adherence; 20% (k = 9) measured 
virologic suppression. Many eHealth interventions with preliminary or proven efficacy relied on 
mobile technology and integrated knowledge/cognition as behavior change mechanisms. This 
review identified gaps in development and application of eHealth interventions regarding CoC.
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Introduction
Approximately 36.7 million persons worldwide are living with HIV, including 2.1 million 
people who were newly infected in 2015 [1]. An estimated 1.2 million persons aged 13 and 
older were living with HIV infection (PLWH) in the United States at the end of 2012, 
including 156,300 (12.8%) persons whose infections were undiagnosed [2]. A primary goal 
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for HIV prevention is improving the health of PLWH as outlined in the National HIV 
prevention goals [3]. This goal is important not only for PLWH but also for the health of 
their partners. One study demonstrated that the risk of HIV transmission was reduced by ≥ 
93% when a PLWH had an undetectable viral load (< 50 RNA copies/ml) [4]. Health 
outcomes for PLWH must be improved, including: (a) diagnosing all persons who are living 
with HIV; (b) linking all previously undiagnosed PLWH to care (linkage); (c) retaining all 
linked PLWH in care (retention); (d) re-engaging those PLWH who have fallen out of care 
(re-engagement); (e) and achieving viral suppression (< 200 RNA copies/ml) via medication 
adherence [4]. This sequence of steps is known as the Continuum of HIV Care (CoC).
PLWH face many challenges to staying in care and maintaining a suppressed viral load [5]. 
Addressing these challenges through more intensive care strategies such as case 
management and patient navigation services (e.g., coordinating transportation, 
accompanying to medical appointments, etc.) has been prioritized on a national scale [6]. 
However, these strategies can often be costly, and resources for scaling up these types of 
strategies may be limited [7].
One way to keep costs low and deliver timely health information to consumers, including 
PLWH, may be through electronic health (eHealth) technology [8], such as video 
interventions being shown in medical waiting rooms [9]. eHealth can be a key tool for 
addressing HIV-related public health challenges in various capacities including disease 
surveillance, health care access, health education, and health care provider training [10]. 
Individuals are increasingly using the internet to access health information, and mobile 
technology (mHealth), such as delivering risk reduction messages to personal cell phones, is 
rapidly becoming the primary means of broadband access and health information [11]. 
Therefore, eHealth approaches, including those that involve mHealth, have been shown to 
help expand the dissemination of HIV prevention and treatment interventions [12], 
particularly for more resource-challenged adults. Despite eHealth’s demonstrated 
effectiveness, its broad application, rapid innovation, and reporting heterogeneity make it 
difficult to evaluate for HIV prevention purposes [13]. Thus, research on interventions that 
can be scaled up to reach a large number of PLWH can inform how eHealth technology can 
be used as an additional HIV prevention tool. We sought to examine the landscape and 
efficacy of using technology to support outcomes related to steps (b) through (e) in the CoC.
Identification of specific eHealth intervention components responsible for the observed HIV-
related outcomes among PLWH participants remains unaddressed in the literature. Analyses 
would provide insight into which eHealth approaches are effective and what specific 
components are necessary to increase the likelihood of obtaining favorable outcomes related 
to the CoC. To address this issue, we conducted a rapid qualitative systematic review to 
synthesize (a) what types of technologies are being used in eHealth interventions for PLWH, 
(b) specific health outcomes related to HIV care that are addressed in eHealth interventions, 
(c) the theoretical basis driving the interventions’ designs, and (d) the mechanisms of change 
used to achieve favorable behavioral change consistent with the CoC and the national HIV 
prevention goals. We also will discuss major gaps in the research literature, as well as 
recommendations for future efforts in the field.
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Methods
We conducted a rapid review of eHealth interventions that address CoC outcomes, following 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines 
[14, 15]. A rapid review uses systematic search strategies but limits particular aspects of the 
systematic review process to provide a time-sensitive assessment of the quantities of studies 
in the literature and overall quality/direction of effect [16]. In our review, we omitted formal 
quality assessment of included studies since our synthesis was primarily narrative and 
conceptual and did not use any meta-analytic methods to combine studies for effect 
estimates. Our decision to use a single comprehensive database for our search, as described 
below, allowed us to forgo de-duplication efforts and still maintain a systematic search 
strategy. Given the rapid innovation of electronic technology and the changing nature of 
eHealth interventions, we felt this methodology was the most appropriate for timely 
dissemination in a swift-moving research area.
Literature Search Strategy
We searched the CDC Prevention Research Synthesis (PRS) project’s cumulative database 
of HIV/AIDS behavioral prevention research literature for this review. We chose this 
database because, among other HIV/AIDS behavioral prevention topics, it provides access to 
a cumulative list of citations on interventions to improve HIV care outcomes from an annual 
systematic search of the literature. The PRS database is comprised of published literature 
located through four comprehensive annual automated and quarterly manual searches 
developed by two staff librarians with expertise in developing and implementing 
comprehensive literature search strategies [17]. The four comprehensive searches focus on 
(a) behavioral risk reduction interventions (RR), (b) medication adherence interventions 
(MA), (c) linkage to, retention in, and re-engagement in HIV medical care interventions 
(LRC), and (d) HIV prevention related systematic reviews (Overview of Reviews Project-
ORP). Automated searching involves developing the search strategy and running it at 
specified intervals (in this case annually) to find the newest publications that meet the search 
criteria. All four automated searches are implemented in the databases (platforms): 
MEDLINE (OVID), EMBASE (OVID), and PsycINFO (OVID). The four searches also 
include at least one of these databases (platforms) depending on what is appropriate for the 
subject matter of the search (a–d): CAB Global Health (OVID), CINAHL (EBSCOhost), and 
Sociological Abstracts (ProQuest).
Each of the automated searches (RR, MA, LRC and ORP) were developed in MEDLINE 
with indexing and keyword terms cross-referenced using Boolean logic. The finalized 
MEDLINE search was translated to the other databases to fit the proprietary indexing 
classification of each database. The four searches as implemented in MEDLINE (OVID), 
with search restrictions applied, are available in the Online Appendix I (other searches 
available from the corresponding author). The PRS database coverage is from 1988 to the 
present for two of the automated searches (RR, ORP), and 1996 to the present for the other 
two searches (MA, LRC). To cover publication lag, the PRS database is updated annually 
with the automated searches for the two previous years, and with ongoing manual searches 
including contacts in the field, reference list check, journal alerts, and a quarterly hand 
Henny et al. Page 3
AIDS Behav. Author manuscript; available in PMC 2018 January 10.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
search of journals with a high yield of subject-specific citations (http://www.cdc.gov/hiv/
dhap/prb/prs Accessed August 31, 2016). Articles from the four automated searches as well 
as the hand searches are de-duplicated and uploaded to the database so it is a comprehensive 
database of HIV prevention research literature, including interventions for medication 
adherence, linkage to, retention in, and re-engagement in care.
PRS staff code all citations added to the database to organize them based on subject matter 
according to a detailed coding scheme. After ensuring that the definitions in the PRS coding 
scheme matched those used in this review, we searched the PRS database for reports coded 
as interventions for PLWH that reported HIV care outcomes (i.e., medication adherence, 
linkage, retention, and re-engagement in care). The previous identification of interventions 
with HIV care outcomes was another time saving benefit to using this database. For this 
review, included reports were limited to citations with eHealth terms: cell phone, computer, 
eHealth, internet, mHealth, mobile phone, reminder system, smart-phone, social network, 
tablet, technology, text message, web, app, application, and text (plurals of words were 
included where appropriate) in the title, abstract, or keywords, published 2007–present (see 
Online Appendix I). This specific query of the PRS database was last performed in April 
2017.
Pairs of trained coders screened citations to determine if inclusion criteria were met. 
Screening was performed at two levels: (a) title and abstract level, and if inclusion criteria 
were met, then (b) full report. Inclusion criteria were (a) published January 2007–April 2017 
(we selected 2007 as the start date for our search to be consistent with the year that the 
modern day smartphones first appeared in the US market); (b) used technology to deliver all 
or part of the intervention; and (c) an intervention focused on linkage to care, retention in 
care, re-engagement of those lost to care, adherence to antiretroviral therapy (ART), and/or 
outcomes related to virologic suppression. If the tested technology was not interactive and 
accessible to anyone at any place and at any time, the study was excluded. Furthermore, 
studies were excluded from the review if eHealth technology were primarily used to enhance 
data collection. Citations reporting interventions that used technology to enhance health care 
service systems or provider practices were also excluded.
Data Abstraction
Pairs of trained coders independently abstracted information from eligible studies. Linkages 
among studies were identified to ensure that multiple citations describing a single 
intervention study were not included in the coding, data abstraction, and analyses.
Coders used standardized coding forms, which had been piloted, to guide data abstraction. 
Each included study was coded for technology used, recruitment settings/methods, study 
characteristics (location, recruitment/study dates), and study participant characteristics 
(targeting criteria, sex, age, race/ethnicity). Types of technology devices coded in our data 
abstraction included short message service (SMS), mobile phone (non-SMS use), computer/
laptop, video, electronic alert system, personal digital assistant (PDA), electronic pager, and 
automated telephone system. For race/ethnicity, “people of color” was a racial/ethnicity 
category used for non-US studies, broadly defined as persons of ‘non-white’ race/ethnicity. 
Each study was also coded for intervention content and characteristics including main focus; 
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theoretical basis; intervention setting; mechanism of change; and whether content 
incorporated knowledge, motivation, intention, attitudes, norms, self-efficacy, social support, 
skills-building, risk awareness, structural influences, expectancies, personal goal setting, 
perceived risk, emotions, barriers/facilitators, sexual or drug triggers, ethnic pride, risk 
reduction supplies/provisions, and any other intervention components (Table 1).
The mechanism of change is the means or the way an intervention component would assist 
participants in making the desired behavioral change. The eHealth interventions included in 
this review employed one or more of these mechanisms to help persons to link to, retain in, 
or reengage in care; or adhere to ART, all in effort to ultimately be virally suppressed. For 
this review, we classified the mechanisms of change used in these eHealth interventions 
under several categories that help identify the elements that are essential for achieving 
desired HIV-care related behaviors. Cognition is a mechanism used to directly change 
individual attitudes or beliefs using the mental process of acquiring understanding. 
Knowledge is defined as a mechanism designed to change an individuals’ understanding by 
providing facts and information about HIV. Emotional well-being is a mechanism used to 
change behavior by modifying an individual’s mental state, mood, emotions, or feelings. 
Access is designed to achieve desired HIV-related behavioral change by increasing the 
availability of consumer products or availability/accessibility of health or social services. 
Lastly, skills building is a change mechanism that attempts to improve a person’s skills by 
modeling, teaching, demonstrating or practicing skills related to reducing risk for HIV 
acquisition or transmission.
We also coded intervention delivery characteristics including unit of delivery, deliverer, and 
delivery methods. Intervention and comparison group characteristics were also coded 
including duration, number of sessions, total time, and incentives/payment. Lastly, we coded 
study methodology quality including research design, evaluation outcome data reported, and 
sample size.
Data Analysis
We conducted qualitative analysis for this review. Therefore, we did not conduct any 
statistical analyses commonly used in other types of systematic reviews to combine effect 
sizes (i.e., meta-analysis). We calculated the proportion of studies that had different 
characteristics to illustrate the frequency with which these occurred among the total number 
of included studies. In keeping with a qualitative analysis, the proportions were intended to 
be descriptive, not contribute to a quantitative assessment of the studies. Reflecting the 
emphasis of rapid review methodology, our analyses do not include assessing the quality of 
the included studies. In lieu of such an assessment, we identified the studies as having either 
proven or preliminary evidence of efficacy. Proven efficacy was defined as studies that 
reported an intervention effect (based on statistical significance) using randomized 
controlled trial (RCT) research design, which is generally considered the standard for 
determining efficacy [18]. Preliminary evidence of efficacy was defined as studies that 
showed intervention impact using a non-RCT research design (e.g., pre–post test).
Henny et al. Page 5
AIDS Behav. Author manuscript; available in PMC 2018 January 10.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Results
Characteristics of Included Studies
Our initial search query of the PRS Database (Online Appendix 1) yielded 156 citations. Our 
systematic screening process identified duplicates and excluded citations (k = 111), leaving 
45 studies (Fig. 1). The overall coding agreement among the trained coders was 96% with a 
kappa rate of 80%. Table 2 includes general characteristics of included studies. About two-
thirds (k = 30) of studies overall included study samples that were greater than 50% male, 
and six studies described a sample including transgender persons (data not shown). Eighteen 
studies reported having samples that were at least 50% racial/ethnic minorities (US-based, k 
= 17) or “people of color” (non-US based, k = 1). Three studies included samples that were 
greater than 50% white. Only five studies targeted youth and young adults.
Of our 45 included studies, more than half (60%, k = 27) focused on medication adherence. 
In addition, 17.8% (k = 8) of studies focused on both medication adherence and virologic 
suppression. Other foci included retention (8.9%, k = 4) and linkage to care (2.2%, k = 1). 
Two studies (4.4%) focused on both adherence and retention [19, 20], one study (2.2%) 
focused on both linkage and re-engaging clients back into care outcomes [21], and one study 
(2.2%) focused on both care retention and virologic suppression [22]. The studies included 
samples of PLWH experienced with HIV treatment (k = 18), non-adherent to ART (k = 13), 
or treatment naïve (k = 6). About 75% (k = 34) of studies showed proven or preliminary 
efficacy at improving the targeted outcome along the CoC.
Setting
Of the included studies in the review, 48.9% (k = 22) were US-based and 42.2% (k = 19) 
were international-based. Four studies did not explicitly report country setting (Table 2). 
Approximately 95% (k = 21) of the US-based eHealth interventions included study samples 
greater than 50% male. In contrast, 63% of the international-based interventions (k = 12) 
reported study samples that were majority female (with settings all based in African 
countries). The US-based studies collectively encompassed a broader variation of devices 
used (e.g., computers, electronic reminders, video) to implement the eHealth technology, 
while international-based studies reported primarily using conventional mobile phones (k = 
15). The US-based eHealth interventions were primarily randomized controlled trails (RCT) 
(59%, k = 13). In contrast, nearly all (84%, (k = 16) of international-based eHealth studies 
used RCT designs.
Theory
Among the 45 included studies, 42.2% (k = 19) of the eHealth interventions in our review 
cited one of several commonly used behavioral theories (Table 2). These cited theories 
include Information, Motivation and Behavioral (IMB) Skills Model [23–26], Theory of 
Planned Behavior [27], and Motivational Interviewing [28].
Most of the theory-driven eHealth interventions (k = 19) were efficacious (74%, k = 14) for 
improving only medication adherence [32, 33, 35, 37, 38]; both medication adherence and 
virologic suppression [29, 30]; or care retention [26, 31]. Half (k = 7) of these efficacious, 
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theory-based eHealth interventions were US-based [32] [33] [24, 30, 31, 34, 35]. Most (k = 
11) of these efficacious, theory-based interventions implemented eHealth using electronic 
devices that were more technologically advanced (e.g., multimedia messaging) instead of or 
in conjunction with SMS texting. The theoretically-driven international-based interventions 
(k = 5) primarily used non-interactive (i.e., one-way communication) eHealth technology 
using either SMS texting [36] or electronic pill reminder alarm device [26, 37]. A few 
theory-driven interventions (k = 3) did not report the country setting in the report [38] [39, 
40]. We located five theory-driven eHealth interventions [25, 36, 37, 41, 42] that showed no 
evidence for improving any health outcomes related to the CoC.
Mechanisms of Change
Cognition—Approximately 60% (k = 27) of studies included in this review used cognition 
to change behavior. Most of the interventions (k = 20) using cognition as a mechanism of 
change were focused on ART adherence for their clients. Other interventions using cognition 
as a change mechanism focused on both ART adherence and virologic suppression (k = 4); 
one study [19] focused on both ART adherence and care retention, and one study focused on 
both care retention and virologic suppression [22]. All of the eHealth interventions using 
cognition were augmented with another change mechanism except for two studies [i.e., [43, 
44] ]. About two-thirds (k = 13) of the studies using cognition showed either preliminary or 
proven evidence of efficacy for improving HIV medication adherence.
Knowledge—Over half (k = 23) of included studies identified knowledge as a mechanism 
of change. We discovered that most (56.5%, k = 13) of these studies focused only on 
improving medication adherence. Only one study [45] focused on linkage to care, three 
studies [26, 46, 47] focused on care retention, and another six studies [19–21, 30, 47, 48] 
focused on multiple outcomes related to CoC. All of the eHealth interventions using 
knowledge also employed other mechanisms of change except for four studies [46, 47, 49, 
50].
Over 78% (k = 18) of the studies using knowledge had either preliminary or proven evidence 
of efficacy for improving HIV medication adherence (k = 9), linkage to care (k = 1), 
retention in care (k = 3) or multiple outcomes related to CoC (k = 5).
Emotional Well-Being—About 42% of the reviewed studies (k = 19) incorporated 
emotional well-being as a behavioral change mechanism. The primary outcome for most of 
these studies (k = 14) was HIV medication adherence. In addition, the majority of these 
studies (k = 17) incorporated emotional well-being in conjunction with other mechanisms of 
change behaviors, except for two studies [51] [52] (see Table 2). Most of the studies (k = 10) 
that included emotional well-being had preliminary or proven evidence of efficacy for 
improving only HIV medication adherence.
Access—About 24% (k = 11) of included studies used access as a mechanism of change. 
Most of the studies (k = 5) focused on improving ART adherence; one intervention focused 
only on linkage to care [45], and one intervention focused on retention in care [26]. Other 
interventions using access as a change mechanism focused on multiple LRC-related 
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outcomes (k = 4). We discovered that most of the studies that included access as a change 
mechanism had preliminary or proven evidence of efficacy (k = 9) for improving HIV 
medication adherence [33, 35, 53]; linking to care after initial HIV diagnosis [21, 45]; care 
retention [21, 26], and multiple foci [20–22, 51]. Most of the studies using access that 
reported preliminary or proven evidence of efficacy used devices that involved bi-directional 
communication between client and provider (meaning that either provider or client can 
initiate interaction) [33, 51, 53]. The two non-efficacious studies [37, 54] did not use access 
as a change mechanism nor used devices that facilitated real-time two-way communication 
exchanges between clients and providers.
Skills Building—About 22% of studies in this review included skills building as a change 
mechanism (k = 10). Eighty percent of studies with skills building (k = 8) focused on 
improving HIV medication adherence. Two studies focused both on medication adherence 
and virologic suppression [25, 29]. These studies also included cognition in conjunction 
with skills building to improve adherence. The majority of studies using skills building as a 
mechanism of change (k = 7) showed efficacy in improving LRC-related outcomes (k = 7) 
[24, 29, 32, 39, 55–57].
Technology Type and Intended Outcomes
Short message service (SMS) texting, primarily via mobile phone accounted for the 
technology type most commonly reported (44.4%, k = 20). One study [58] described an 
SMS-based intervention comprised of four specific text messages that increased ART 
adherence among PLWH living in Kenya. Another study [38] also identified that an 
individualized SMS texting intervention improved dose timing among PLWH with co-
occurring bipolar disorders. An additional study [19] found preliminary evidence of efficacy 
for a SMS-based intervention improving medication adherence (as well as retention in care) 
among youth and young adults.
Other studies examined SMS texting as a two-way interactive communication tool between 
providers and clients to increase HIV medication adherence. For example, one study [53] 
reported that an eHealth intervention that involved sending SMS text messages (and 
requiring clients to reply) showed increased HIV ART adherence efficacy compared to using 
a beeper (with no messaging component) among PLWH recruited from an outpatient clinic 
in Boston, MA. Another study [59] also described similar results in a pilot study of a two-
way text messaging intervention tailored for men who have sex with men (MSM). The study 
reported that the eHealth intervention showed preliminary evidence of efficacy (based on 
pre-post design) for improving HIV medication adherence, CD4 count, and overall viral 
load. Similarly, a Kenya-based study found that a SMS-based intervention that facilitated 
real-time conversations between health care workers and their clients improved overall 
adherence to HIV antiretroviral medication [51]. We identified other SMS-based 
interventions combined with other modalities showing either preliminary or proven evidence 
of efficacy for improving HIV ART adherence. An additional study reported that SMS text 
message reminders combined with monthly face-to-face counseling led to improved 
adherence to HIV medication and CD4 count among the intervention group compared with 
the control group [60].
Henny et al. Page 8
AIDS Behav. Author manuscript; available in PMC 2018 January 10.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
The studies included in our review show a reliance on SMS-based technology as opposed to 
other technologies to improve HIV medication adherence. Most of the efficacious SMS-
based interventions (e.g., [38, 51, 53, 59, 60]) have a bidirectional component whether via 
the electronic device or augmented by other modalities (e.g., face-to-face counseling) that 
facilitate a more interactive experience between client and provider. We also found few 
studies (k = 3) that used SMS texting to increase retention of PLWH in HIV care. Other 
studies [26, 46] reported an SMS-based intervention that used SMS texting to increase 
retention of PLWH into HIV care by sending appointment reminders. These findings show 
that the use of electronic appointment reminders significantly reduced the rate of missed 
appointments compared to control group [26, 46]. Another study [47] found that an SMS-
based intervention was efficacious in reminding parents living with HIV to bring their child 
to the child’s HIV care visit. In addition, Hailey et al. [19] described an SMS-based 
intervention showing preliminary evidence of efficacy for increasing attendance to care 
appointments and medication adherence among youth and young adult clients. No SMS-
based interventions among our studies addressed linkage to or re-engagement in HIV care.
Other Mobile Phone Use
Aside from SMS text messaging, two studies report on other mobile phone technologies that 
promote medication adherence. Perera et al. [61] described a smartphone application using 
personalized health-related imagery to be efficacious in improving ART adherence. For this 
intervention, the health-related images included (1) a graphic of a 24-hour medication clock; 
(2) graphical representation of plasma concentration of each medication; and (3) a 
personalized graphical simulation of immune activity. Clients who received the intervention 
showed significantly higher levels of self-reported HIV medication adherence and decreased 
viral load compared to comparison group. In addition to Perera et al. [61], Kalichman et al. 
[33] described an intervention that combined in-person counseling along with counseling 
done via cell phone provided by program staff. The findings revealed that self-regulation 
counseling via cell phone showed significant improvements in adherence compared to the 
control group. Kalichman et al. [33] included the use of electronic devices to augment the 
face-to-face interactions between client and provider. Both Perera et al. [61] and Kalichman 
et al. [33] demonstrated evidence of efficacy for using eHealth applications to improve HIV 
medication adherence. This analysis included several studies [48, 52, 58, 61–65] not 
specifically referenced in this section.
Discussion
This qualitative rapid review provides a detailed analysis of how eHealth interventions are 
used to improve health-related outcomes along the CoC. Overall, we identified a nearly even 
split between eHealth studies based in US (k = 16) and non-US (k = 12) locations. Our 
reviewed eHealth studies consist of majority male and racially/ethnically heterogeneous 
study samples. Therefore, the intended targets have been racially/ethnically diverse, while 
still primarily focused on males, which is reflective of the overall HIV epidemiologic 
profile. Medication adherence is the intended outcome for most of the eHealth interventions. 
Lastly, most of the reviewed eHealth interventions (68.9%) included more than one 
mechanism of behavior change. This finding shows that technology is being used to improve 
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outcomes along the CoC in multiple ways, even within a single intervention. As such, this 
may make it difficult to determine which mechanism is the most effective for use in future 
interventions.
Characteristics of eHealth with Evidence of Efficacy
Our review reveals several characteristics associated with preliminary or proven evidence of 
efficacy regarding eHealth interventions that address outcomes related to HIV CoC (k = 34). 
eHealth interventions that facilitate two-way communication between clients and providers 
appear to improve HIV care outcomes. The ability for clients to be able to interact with a 
provider using an electronic device, in particular via mobile phones, seems to be an 
important element to facilitate intended HIV-related health behaviors. We found that these 
interactions are often facilitated with SMS texting. Some of these interactions are facilitated 
either solely with SMS texting [38, 47, 51, 53, 59] or augmented with in-person counseling 
[19, 60]. Based on this finding, eHealth interventions may contribute to enhancing 
individual-level interactions by reducing the burden of clients using resources related to 
travel and information access that can impede these interactions.
In addition to bidirectional interactions, our analysis shows that being based in theory may 
be another key characteristic that contributes to efficacy among these interventions. We 
found that 74% of the studies designed based on theory improved LRC-related outcomes. 
Half of these theory-driven eHealth interventions with preliminary or proven evidence of 
efficacy include skills-building components [29, 32, 33, 38, 39]. Throughout the history of 
HIV intervention development, many theory-based risk reduction interventions have often 
been applied to develop skills specific to risk reduction, including recent non-eHealth 
examples [57, 66]. Our review provides support for the notion that eHealth interventions 
incorporating theoretical frameworks may be critical to improve health outcomes related to 
HIV care.
We also discovered that eHealth interventions that used knowledge and cognition as 
mechanisms of change showed preliminary or proven efficacy. The concepts of knowledge 
and cognition are fundamental components related to an individual’s attainment and 
comprehension of new information. In context of the CoC, studies have shown that PLWH 
with low health literacy are likely to miss HIV-related medical appointments, report a lower 
CD4 count, and have detectable viral loads [67]. In our review, about 75% of eHealth 
interventions with preliminary or proven efficacy included knowledge or cognition as a 
mechanism of change. This finding sheds light on the potential efficiency of using eHealth 
interventions to disseminate HIV related information to a large, geospatially-dispersed 
population. Integrating personal HIV-related health information (e.g., biologic data) to 
encourage HIV ART adherence is an effective strategy for using knowledge and cognition as 
behavioral change mechanisms to ensure clients stay engaged in care and ultimately achieve 
viral suppression.
Gaps in Research Literature
We identified several gaps related to research and implementation of eHealth interventions 
designed to address HIV care. First, we found that only a third of the reviewed eHealth 
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interventions were designed based on major behavioral theories. It is possible that the 
absence of an explicitly stated theory could be due to reporting omission by eHealth research 
investigators. However, we purport that the rapid innovation of technology, particularly those 
that are mobile-based, may partially explain the lack of theory-based eHealth interventions 
[68]. Rapid changes in technology present new opportunities for designing and delivering 
interventions to improve HIV care. This rapid innovation of mobile technology may 
encourage focusing on new delivery mechanisms for eHealth interventions and may move 
too quickly for behavioral theory to be incorporated when developing the intervention 
content. While reasons may be unclear, the few number of interventions that explicitly 
reported theoretical premises makes it challenging to evaluate efficacious components that 
may be theory-driven. Furthermore, it can further hinder efforts to enhance the eHealth 
intervention mapping process to increase likelihood of successful intervention adaptation 
and replication.
Beyond the lack of theory-based eHealth interventions, we also found only one eHealth 
intervention that employs smartphone apps. There is a heavy reliance on SMS texting in 
these interventions. While SMS texting is widely available, smartphone use has grown 
exponentially over recent years [68]. Mobile-based apps designed for smart-phones (such as 
iPhone and Android-based phones) allow for greater flexibility in designing the end-user 
interactive experience beyond the rote text messaging involved with SMS texting. Several 
factors may explain the relatively low number of eHealth interventions based on mobile 
smartphone apps designed for PLWH. Millions of mobile apps are available in the open 
marketplace [69]. The rapid development and dissemination of new mobile apps in the 
general marketplace make it challenging for the slower process of scientific research and 
evaluation to keep pace. In addition, mobile apps need to be able to run on multiple 
platforms to be accessible and functional on a wide range of manufacturers’ devices. 
Although mobile phones are widely available [68], smartphone access is considerably less 
available in “resource-limited” international settings [70]. Whether in US or non-US 
settings, eHealth interventions can better leverage SMS-based interventions rather than 
mobile app-based versions because of the greater accessibility to conventional mobile 
phones.
Our review also revealed that less than 25% of studies included biological outcomes (i.e. 
virologic suppression). This finding is somewhat counter-intuitive to the emphasis on 
biomedical interventions (e.g., ART, pre-exposure prophylaxis) in the HIV prevention and 
care field [71]. However, a closer look at the chronological trend show that 80% of the 
eHealth interventions in this review that included biological outcomes were published in the 
last 5 years (since 2012). Therefore, we suspect that a greater proportion of eHealth 
interventions will include outcomes measuring virologic suppression to reflect the overall 
increased emphasis on biomedical interventions in the HIV public health field.
Our findings also reveal the greater need for more eHealth interventions targeting youth. In 
the US, the HIV incidence rate is high among adolescents and young adults, particularly 
young African American MSM [72]. Compared to older adults, youth are less likely to know 
their HIV status, stay in care, and achieve viral suppression [73, 74]. Studies report that 
technology use among youth in the US is approximately 90% [68]. We identified only five 
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of our reviewed eHealth studies that specifically targeted youth and young adults living with 
HIV. More eHealth interventions need to be developed in order to take advantage of the high 
technology use among youth living with HIV to increase their access to HIV care. eHealth 
interventions might be more attractive to youths and young adults who are engaged in 
increased risk or PLWH if the interventions were linked to websites associated with high 
risk behaviors, such as popular dating websites where many youths and young adults seek 
sexual partnerships. Although not examined as a part of this study, partnering with these 
websites may help eHealth intervention developers design smartphone apps with appropriate 
content that effectively helps reduce transmission risk and improve health care outcomes for 
PLWH that might utilize these websites.
Limitations
There are several limitations for this review. First, the intervention elements identified in this 
review were limited by what was reported in published articles. We did not seek further 
documentation from authors regarding interventions (e.g., manuals). Second, we did not 
conduct an extensive search in the grey literature (e.g., dissertations, conference abstracts, 
and unpublished reports). Third, while comprehensive in its coverage of the behavioral HIV 
prevention literature, the literature search designed for the PRS Project (or the PRS 
database) does not specifically search for studies of technology use, so it is possible that 
some studies were missed. Lastly, many eHealth interventions contain rapidly evolving 
technology; there are likely some technology-driven interventions that have not yet been 
formally evaluated for inclusion in this review.
Conclusion
The evolution of eHealth technology has fundamentally shifted our approach to improving 
HIV care in the US. With 90% of adults in US owning a cell phone and 64% owning a 
smartphone [11, 75], the growth and subsequent sophistication of mobile technology have 
stimulated many innovative strategies for improving HIV care. In our review, we found that 
the majority of studies showed proven or preliminary efficacy at improving targeted 
outcomes along the CoC. We have identified several key characteristics that are associated 
with eHealth interventions that show preliminary or proven evidence of efficacy for 
improving HIV care-related outcomes, particularly adherence to HIV medication. These key 
characteristics include (a) having a two-way interactive component between providers and 
client, (b) designing eHealth interventions based on behavioral theory, and (c) integrating 
content that facilitates behavior change using knowledge and cognition.
We also identified several gaps in the development and application of eHealth interventions 
regarding HIV care. Future efforts should include leveraging the perpetually evolving 
technology to increase the number of persons who are linked to care and achieve viral 
suppression. In addition, future studies should include cost effectiveness analyses of 
implementing eHealth technology in the context of deaths averted and medical costs savings. 
This review can be used as a guide to develop more innovative interventions and scale up of 
regional efforts to expand use of eHealth technologies for improved HIV care. This work 
can be facilitated by applying the evidence-based components and strategies identified in 
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this review to design future eHealth interventions that will increase the likelihood of being 
efficacious in improving CoC related outcomes.
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Refer to Web version on PubMed Central for supplementary material.
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PRISMA flow diagram
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LW
H
 
w
ho
 a
re
 in
 c
ar
e,
 
PL
W
H
 w
ho
 a
re
 
tr
ea
tm
en
t n
on
-
ad
he
re
nt
N
R
H
ea
lth
 c
ar
e 
se
tti
ng
M
ed
ic
at
io
n 
ad
he
re
nc
e,
 
v
iro
lo
gi
c 
su
pp
re
ss
io
n;
 
th
eo
ry
: N
R;
 
em
o
tio
na
l w
el
l-
be
in
g
R
em
in
de
rs
; m
ob
ile
 p
ho
ne
 w
ith
 
tim
ed
 re
m
in
de
rs
Pr
e-
po
st 
de
sig
n;
 ti
m
ed
 S
M
S 
as
so
ci
at
ed
 w
ith
 si
gn
ifi
ca
nt
 
in
cr
ea
se
s i
n 
se
lf-
re
po
rte
d 
ad
he
re
nc
e 
an
d 
ra
te
s o
f 
v
iro
lo
gi
ca
l s
up
pr
es
sio
n
B
ig
na
 e
t a
l. 
[4
7]
; 
Ca
m
er
oo
n
N
 =
 2
42
 p
ar
en
t-
ch
ild
 p
ai
rs
; 
fe
m
al
e 
(ad
ult
s) 
80
%
, M
al
e 
(ch
ild
) 5
2%
; 
PL
W
H
 
(pa
ren
ts)
, y
ou
th
N
R
H
ea
lth
 c
ar
e 
se
tti
ng
Ca
re
 re
te
nt
io
n;
 
th
eo
ry
: N
R;
 
kn
ow
le
dg
e
R
em
in
de
rs
; c
el
l p
ho
ne
 te
x
t a
nd
 
ca
ll
R
CT
; a
ll 
ac
tiv
e 
in
te
rv
en
tio
n 
ar
m
s 
sig
ni
fic
an
tly
 im
pr
ov
ed
 
ca
re
 r
et
en
tio
n 
co
m
pa
re
d 
to
 
co
n
tr
ol
 g
ro
up
B
ro
ck
 e
t a
l. 
[6
3]
; 
co
u
n
tr
y:
 N
R
N
 =
 5
1;
 m
al
e 
51
%
; a
du
lt 
cl
in
ic
 p
at
ie
nt
s, 
PL
W
H
 w
ho
 a
re
 
tr
ea
tm
en
t-
ex
pe
rie
nc
ed
A
fri
ca
n 
A
m
er
ic
an
 ≥
 
50
%
H
ea
lth
 c
lin
ic
, H
os
pi
ta
l
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: N
R;
 
co
gn
iti
on
, 
kn
ow
le
dg
e
Se
lf-
ef
fic
ac
y,
 
kn
ow
le
dg
e;
 v
id
eo
 o
n 
PD
A
Pr
e-
po
st 
de
sig
n;
 p
re
lim
in
ar
y 
ev
id
en
ce
 o
f i
m
pr
ov
em
en
t i
n 
se
lf-
re
po
rte
d 
m
ed
ic
at
io
n 
ad
he
re
nc
e
Ch
an
g 
et
 a
l. 
[5
2]
; 
U
ga
n
da
N
 =
 2
9;
 F
em
al
e 
67
%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s, 
R
ur
al
 a
re
as
N
R
Cl
in
ic
s, 
O
th
er
 lo
ca
tio
ns
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: N
R;
 
em
o
tio
na
l w
el
l-
be
in
g
So
ci
al
 su
pp
or
t, 
cl
in
ic
al
 a
dh
er
en
ce
 
m
o
n
ito
rin
g,
 re
fe
rra
l, 
tr
an
sp
or
ta
tio
n;
 c
el
l p
ho
ne
s
R
CT
; n
o 
sig
ni
fic
an
t d
iff
er
en
ce
s 
in
 p
at
ie
nt
s’
 ri
sk
 o
f v
iro
lo
gi
c 
fa
ilu
re
. Q
ua
lita
tiv
e 
an
al
ys
es
 
fo
un
d 
im
pr
ov
em
en
ts
 in
 p
at
ie
nt
 
ca
re
 a
n
d 
lo
gi
sti
cs
 a
nd
 b
ro
ad
 
su
pp
or
t f
or
 th
e 
m
H
ea
lth
 
in
te
rv
en
tio
n 
am
on
g 
pa
tie
nt
s, 
cl
in
ic
 st
af
f, 
an
d 
PH
W
s.
Ch
un
g 
et
 a
l. 
[3
7]
; K
en
ya
N
 =
 3
10
; 
fe
m
al
e 
66
%
; 
PL
W
H
 n
ew
ly
 
di
ag
no
se
d,
 
Cl
in
ic
 p
at
ie
nt
s, 
H
IV
 tr
ea
tm
en
t 
n
aï
ve
N
R
H
ea
lth
 c
lin
ic
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
co
gn
iti
v
e 
an
d 
be
ha
v
io
ra
l 
th
eo
rie
s; 
ac
ce
ss
, 
co
gn
iti
on
, 
kn
ow
le
dg
e
K
no
w
le
dg
e,
 M
ot
iv
at
io
n,
 b
ar
rie
rs
 
an
d 
fa
ci
lit
at
or
s t
o 
pe
rfo
rm
in
g 
ta
rg
et
 b
eh
av
io
r; 
al
ar
m
 d
ev
ic
e 
pi
ll 
re
m
in
de
r
R
CT
; n
o 
sig
ni
fic
an
t i
m
pa
ct
 o
f 
u
sin
g 
al
ar
m
 d
ev
ic
e 
pi
ll 
re
m
in
de
r o
n 
m
ed
ic
at
io
n 
ad
he
re
nc
e
Cl
ab
or
n,
 e
t a
l. 
[7
6]
; 
U
ni
te
d 
St
at
es
N
 =
 9
7;
 m
al
e 
83
%
; P
LW
H
 
w
ho
 a
re
 
tr
ea
tm
en
t n
on
-
ad
he
re
nt
W
hi
te
 6
0%
N
R
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: N
R;
 
co
gn
iti
on
, 
kn
ow
le
dg
e,
 sk
ill
s 
bu
ild
in
g
K
no
w
le
dg
e,
 se
lf-
ef
fic
ac
y,
 
ad
he
re
nc
e,
 sk
ill
s i
n 
pr
ob
le
m
-
so
lv
in
g,
 c
op
in
g,
 p
ill
 ta
ki
ng
, 
m
ed
ic
at
io
n,
 st
ru
ct
ur
al
 in
flu
en
ce
s, 
tr
an
sp
or
ta
tio
n,
 p
er
so
na
l g
oa
l 
se
tti
ng
, b
ar
rie
rs
 a
nd
 fa
ci
lit
at
or
s t
o 
R
CT
; n
on
-s
ig
ni
fic
an
t s
ta
tis
tic
al
 
di
ffe
re
nc
es
 in
 a
dh
er
en
ce
 
be
tw
ee
n 
in
te
rv
en
tio
n 
an
d 
co
n
tr
ol
 g
ro
up
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Au
th
or
; s
tu
dy
 lo
ca
tio
n
Sa
m
pl
e s
iz
e;
 
se
x
; t
ar
ge
t 
po
pu
la
tio
n
R
ac
e 
an
d 
et
hn
ic
ity
R
ec
ru
itm
en
t s
et
tin
g
In
te
rv
en
tio
n 
fo
cu
s;
 th
eo
ry
; 
m
ec
ha
ni
sm
 o
f 
ch
an
ge
In
te
rv
en
tio
n 
co
nt
en
t; 
de
liv
er
y 
te
ch
no
lo
gy
R
es
ea
rc
h 
de
sig
n;
 fi
nd
in
gs
pe
rfo
rm
in
g 
ta
rg
et
 b
eh
av
io
r; 
co
m
pu
te
r-b
as
ed
 te
ch
no
lo
gy
Co
ok
 e
t a
l. 
[4
2]
; U
nit
ed
 
St
at
es
N
 =
 3
7;
 g
en
de
r: 
m
al
e 
78
%
; 
PL
W
H
 c
lin
ic
 
pa
tie
nt
s w
ho
 
ar
e 
tr
ea
tm
en
t-
ex
pe
rie
nc
ed
N
on
-w
hi
te
 5
1%
Pr
im
ar
y 
H
IV
 c
ar
e 
cl
in
ic
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: m
od
el
 o
f 
m
o
m
en
ta
ry
 
st
at
es
; 
m
ec
ha
ni
sm
: 
co
gn
iti
on
, 
em
o
tio
na
l w
el
l-
be
in
g
K
no
w
le
dg
e,
 m
ot
iv
at
io
n,
 a
tti
tu
de
s, 
so
ci
al
 su
pp
or
t, 
po
sit
iv
e/
ne
ga
tiv
e 
ex
pe
ct
an
ci
es
, e
m
ot
io
ns
, b
ar
rie
rs
/
fa
ci
lit
at
or
s t
o 
ta
rg
et
 b
eh
av
io
rs
, 
co
pi
ng
; m
ob
ile
 d
ev
ic
e-
SM
S 
te
x
t 
m
es
sa
gi
ng
R
CT
; n
o 
st
at
ist
ic
al
ly
 
sig
ni
fic
an
t d
iff
er
en
ce
 in
 
im
pr
ov
in
g 
A
RT
 a
dh
er
en
ce
 
be
tw
ee
n 
in
te
rv
en
tio
n 
an
d 
co
n
tr
ol
 g
ro
up
s
Co
te
 e
t a
l. 
[5
5]
; C
an
ad
a
N
 =
 1
79
; 
ge
nd
er
: m
al
e 
85
%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s 
w
ho
 a
re
 
tr
ea
tm
en
t-
ex
pe
rie
nc
ed
N
R
H
ea
lth
 c
ar
e:
 h
os
pi
ta
ls
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: s
oc
ia
l 
le
ar
ni
ng
, a
tti
tu
de
 
ch
an
ge
 th
eo
ry
; 
m
ec
ha
ni
sm
: 
co
gn
iti
on
, 
em
o
tio
na
l w
el
l-
be
in
g,
 sk
ill
s 
bu
ild
in
g
So
ci
al
 su
pp
or
t, 
pr
ob
le
m
 so
lv
in
g 
sk
ill
s, 
se
lf-
as
se
ss
m
en
t s
ki
lls
, 
m
o
tiv
at
io
na
l s
ki
lls
 b
u
ild
in
g,
 
em
o
tio
ns
; c
om
pu
te
r-d
el
iv
er
ed
N
on
-R
CT
; i
nt
er
ve
n
tio
n 
sh
ow
 
pr
el
im
in
ar
y 
ev
id
en
ce
 o
f 
ef
fic
ac
y 
fo
r i
m
pr
ov
in
g 
A
RT
 
ad
he
re
nc
e
da
 C
os
ta
 e
t a
l. 
[4
4]
; 
B
ra
zi
l
N
 =
 2
1;
 fe
m
al
e 
10
0%
; f
em
al
e 
PL
W
H
 w
ho
 a
re
 
tr
ea
tm
en
t 
ex
pe
rie
nc
ed
Pe
op
le
 o
f c
ol
or
a  
81
%
M
at
er
ni
ty
 c
lin
ic
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: N
R;
 
co
gn
iti
on
Te
x
t m
es
sa
ge
s; 
SM
S 
re
m
in
de
rs
R
CT
; n
o 
st
at
ist
ic
al
ly
 
sig
ni
fic
an
t d
iff
er
en
ce
 in
 
ad
he
re
nc
e 
be
tw
ee
n 
in
te
rv
en
tio
n 
gr
ou
p 
(S
M
S 
re
m
in
de
rs
) a
nd
 co
ntr
ol 
gro
up
 
(no
 re
mi
nd
ers
)
D
av
ey
 e
t a
l. 
[2
0]
; 
M
oz
am
bi
qu
e
N
 =
 8
30
; 
ge
nd
er
: m
al
e 
40
%
, f
em
al
e 
60
%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s 
w
ho
 a
re
 
tr
ea
tm
en
t-
ex
pe
rie
nc
ed
N
R
G
ov
er
n
m
en
t r
un
 h
ea
lth
 c
en
te
rs
M
ed
ic
at
io
n 
ad
he
re
nc
e,
 c
ar
e 
re
te
nt
io
n;
 th
eo
ry
: 
N
R;
 m
ec
ha
ni
sm
: 
ac
ce
ss
, 
em
o
tio
na
l 
w
el
l-b
ei
ng
, 
kn
ow
le
dg
e
K
no
w
le
dg
e,
 a
pp
oi
nt
m
en
t a
nd
 
m
ed
ic
at
io
n 
re
m
in
de
rs
; S
M
S 
te
x
t 
m
es
sa
gi
ng
R
CT
; i
nt
er
ve
n
tio
n 
sh
ow
s 
ev
id
en
ce
 o
f i
m
pr
ov
in
g 
A
RT
 
ad
he
re
nc
e 
am
on
g 
ur
ba
n 
pa
tie
nt
s. 
In
te
rv
en
tio
n 
sh
ow
s 
ev
id
en
ce
 o
f i
m
pr
ov
in
g 
re
te
nt
io
n 
in
 c
ar
e 
am
on
g 
pa
tie
nt
s n
ew
ly
 in
iti
at
ed
 o
n 
A
RT
D
ow
n
sh
en
 e
t a
l [
48
]; 
U
ni
te
d 
St
at
es
N
 =
 2
5;
 m
al
e 
92
%
; P
LW
H
 
yo
ut
h 
an
d 
yo
un
g 
ad
ul
ts 
w
ho
 a
re
 
tr
ea
tm
en
t n
on
-
ad
he
re
nt
A
fri
ca
n 
A
m
er
ic
an
 6
0%
Co
m
m
un
ity
-b
as
ed
 h
ea
lth
 c
lin
ic
M
ed
ic
at
io
n 
ad
he
re
nc
e,
 
v
iro
lo
gi
c 
su
pp
re
ss
io
n;
 
th
eo
ry
: N
R;
 
kn
ow
le
dg
e
Pe
rs
on
al
iz
ed
 te
x
t m
es
sa
ge
s; 
SM
S 
(pe
rso
na
liz
ed
 m
ess
ag
es)
Pr
e-
po
st 
de
sig
n;
 th
er
e 
w
as
 n
o
 
sig
ni
fic
an
t d
iff
er
en
ce
 in
 C
D
4 
ce
ll 
co
un
t o
r v
ira
l l
oa
d 
be
tw
ee
n 
ba
se
lin
e 
an
d 
(12
 an
d 
24
 m
on
th
) f
oll
ow
-u
p 
as
se
ss
m
en
ts
Fi
sh
er
 e
t a
l. 
[3
2]
; U
nit
ed
 
St
at
es
N
 =
 9
22
; m
al
e 
61
%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s
A
fri
ca
n 
A
m
er
ic
an
 4
4%
, 
H
isp
an
ic
/L
at
in
o 
25
%
H
IV
 c
lin
ic
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 IM
B 
th
eo
ry
; 
co
gn
iti
on
, 
em
o
tio
na
l w
el
l-
be
in
g,
 
K
no
w
le
dg
e,
 b
ar
rie
rs
 a
nd
 
fa
ci
lit
at
or
s t
o 
pe
rfo
rm
in
g 
ta
rg
et
 
be
ha
v
io
r; 
co
m
pu
te
r-b
as
ed
 to
ol
R
CT
; C
om
pu
te
r-b
as
ed
 
in
te
rv
en
tio
n 
gr
ou
p 
sh
ow
ed
 
hi
gh
er
 a
dh
er
en
ce
 e
ffi
ci
en
cy
 
co
m
pa
re
d 
to
 c
on
tro
l g
ro
up
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Au
th
or
; s
tu
dy
 lo
ca
tio
n
Sa
m
pl
e s
iz
e;
 
se
x
; t
ar
ge
t 
po
pu
la
tio
n
R
ac
e 
an
d 
et
hn
ic
ity
R
ec
ru
itm
en
t s
et
tin
g
In
te
rv
en
tio
n 
fo
cu
s;
 th
eo
ry
; 
m
ec
ha
ni
sm
 o
f 
ch
an
ge
In
te
rv
en
tio
n 
co
nt
en
t; 
de
liv
er
y 
te
ch
no
lo
gy
R
es
ea
rc
h 
de
sig
n;
 fi
nd
in
gs
kn
ow
le
dg
e,
 sk
ill
s 
bu
ild
in
g
G
ar
of
al
o 
et
 a
l. 
[3
4]
; 
U
ni
te
d 
St
at
es
N
 =
 1
05
; 
ge
nd
er
: m
al
e 
82
%
, f
em
al
e 
17
%
, 
tr
an
sg
en
de
r 
1%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s 
w
ho
 a
re
 
tr
ea
tm
en
t-
ex
pe
rie
nc
ed
 
an
d 
tre
at
m
en
t 
n
o
n
-a
dh
er
en
t, 
lo
w
-in
co
m
e,
 
liv
in
g 
in
 ru
ra
l 
se
tti
ng
A
fri
ca
n 
A
m
er
ic
an
 6
5%
Co
m
m
un
ity
-b
as
ed
 h
ea
lth
 
ce
n
te
rs
; o
th
er
 u
ns
pe
ci
fie
d 
o
rg
an
iz
at
io
ns
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: s
oc
ia
l 
co
gn
iti
v
e 
th
eo
ry
; 
m
ec
ha
ni
sm
: 
kn
ow
le
dg
e,
 
co
gn
iti
on
, 
em
o
tio
na
l w
el
l-
be
in
g
K
no
w
le
dg
e,
 m
ot
iv
at
io
n,
 se
lf-
ef
fic
ac
y:
 m
ed
ic
at
io
n 
se
lf-
re
gu
la
tio
n,
 p
os
iti
v
e/
ne
ga
tiv
e 
ex
pe
ct
an
ci
es
, m
ed
ic
at
io
n 
re
m
in
de
rs
; m
ob
ile
 p
ho
ne
R
CT
; i
nt
er
ve
n
tio
n 
sh
ow
s 
ev
id
en
ce
 o
f i
m
pr
ov
in
g 
A
RT
 
ad
he
re
nc
e 
at
 3
 m
on
th
s, 
bu
t n
o
t 
at
 6
 m
on
th
s
H
ab
er
er
 e
t a
l. 
[4
3]
; 
U
ni
te
d 
St
at
es
N
 =
 5
2;
 m
al
e 
75
%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s 
in
 u
rb
an
 a
re
as
/
in
ne
r c
iti
es
 w
ho
 
ar
e 
tr
ea
tm
en
t-
ex
pe
rie
nc
ed
A
fri
ca
n 
A
m
er
ic
an
 4
0%
, 
w
hi
te
 4
2%
Co
m
m
un
ity
 so
ci
al
 se
rv
ic
es
 
ag
en
cy
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: N
R;
 
co
gn
iti
on
M
ed
ic
at
io
n 
re
m
in
de
r a
nd
 
m
es
sa
ge
s; 
el
ec
tro
ni
c 
pi
ll 
re
m
in
de
r
Pr
e-
po
st 
de
sig
n;
 a
cc
ep
ta
bi
lit
y 
o
f M
ed
-e
M
on
ito
r w
as
 
de
te
rm
in
ed
. H
IV
 R
NA
 
sig
ni
fic
an
tly
 c
or
re
la
te
d 
w
ith
 
u
n
an
n
o
u
n
ce
d 
pi
ll 
co
un
ts 
(r 
= 
−
0.
34
, p
 =
 0
.0
2),
 an
d t
ren
de
d 
to
w
ar
d 
a 
sig
ni
fic
an
t c
or
re
la
tio
n 
w
ith
 u
na
dju
ste
d M
ed
-eM
on
ito
r 
ad
he
re
nc
e 
(r 
= −
0.2
6; 
p =
 
0.
07
). M
os
t, b
u
t n
ot
 a
ll,
 
pa
rti
ci
pa
nt
s l
ik
ed
 u
sin
g 
th
e 
M
ed
-e
M
on
ito
r. 
M
ed
-e
M
on
ito
r 
al
lo
w
s 
fo
r r
ea
l-t
im
e 
ad
he
re
nc
e 
m
o
n
ito
rin
g 
an
d 
po
te
nt
ia
lly
 
in
te
rv
en
tio
n
H
ai
le
y 
et
 a
l. 
[1
9]
; U
nit
ed
 
St
at
es
N
 =
 8
7;
 m
al
e 
80
%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s. 
yo
ut
h 
an
d 
yo
un
g 
ad
ul
ts.
 
PL
W
H
 w
ho
 a
re
 
tr
ea
tm
en
t n
on
-
ad
he
re
nt
A
fri
ca
n 
A
m
er
ic
an
 9
0%
H
IV
 c
lin
ic
M
ed
ic
at
io
n 
ad
he
re
nc
e 
an
d 
ca
re
 r
et
en
tio
n;
 
th
eo
ry
: N
R;
 
co
gn
iti
on
, 
kn
ow
le
dg
e,
 
em
o
tio
na
l w
el
l-
be
in
g
K
no
w
le
dg
e,
 sk
ill
s i
n 
ad
he
re
nc
e,
 
em
o
tio
ns
, b
ar
rie
rs
 a
nd
 fa
ci
lit
at
or
s 
to
 p
er
fo
rm
in
g 
ta
rg
et
 b
eh
av
io
r, 
m
ed
ic
at
io
n 
re
m
in
de
rs
, d
ire
ct
ly
 
o
bs
er
ve
d 
m
en
ta
l h
ea
lth
 
co
u
n
se
lin
g;
 m
ob
ile
 p
ho
ne
, I
n-
pe
rs
on
 c
ou
ns
el
in
g
N
on
-R
CT
; t
ec
hn
ol
og
y 
us
e 
as
so
ci
at
ed
 w
ith
 in
cr
ea
se
d 
m
ed
ic
at
io
n 
ad
he
re
nc
e 
an
d 
re
te
nt
io
n 
in
 c
ar
e
H
ar
dy
 e
t a
l. 
[5
3]
; U
nit
ed
 
St
at
es
N
 =
 1
9;
 m
al
e 
53
%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s. 
Fe
m
al
es
. 
Pe
op
le
 o
f c
ol
or
.
 
PL
W
H
 w
ho
 a
re
 
tr
ea
tm
en
t-
ex
pe
rie
nc
ed
. 
PL
W
H
 w
ho
 a
re
 
Pe
op
le
 o
f c
ol
or
a  
63
%
H
IV
 c
lin
ic
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: N
R;
 
ac
ce
ss
, 
co
gn
iti
on
M
ot
iv
at
io
n,
 b
ar
rie
rs
 a
nd
 
fa
ci
lit
at
or
s t
o 
pe
rfo
rm
in
g 
ta
rg
et
 
be
ha
v
io
r, 
SM
S 
re
pl
y, 
te
x
t 
m
es
sa
ge
s, 
pr
e-
pa
id
 m
ob
ile
 p
ho
ne
; 
SM
S 
(pe
rso
na
liz
ed
 m
ess
ag
es)
 w
ith
 
tw
o
-w
ay
 in
te
ra
ct
io
n
R
CT
; i
nt
er
ve
n
tio
n 
gr
ou
p 
re
ce
iv
in
g 
pe
rs
on
al
iz
ed
 c
el
l 
ph
on
e 
re
m
in
de
rs
 sh
ow
ed
 
in
cr
ea
se
d 
ad
he
re
nc
e 
an
d 
re
m
ai
ne
d 
sig
ni
fic
an
tly
 h
ig
he
r 
th
an
 c
on
tro
l g
ro
up
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Au
th
or
; s
tu
dy
 lo
ca
tio
n
Sa
m
pl
e s
iz
e;
 
se
x
; t
ar
ge
t 
po
pu
la
tio
n
R
ac
e 
an
d 
et
hn
ic
ity
R
ec
ru
itm
en
t s
et
tin
g
In
te
rv
en
tio
n 
fo
cu
s;
 th
eo
ry
; 
m
ec
ha
ni
sm
 o
f 
ch
an
ge
In
te
rv
en
tio
n 
co
nt
en
t; 
de
liv
er
y 
te
ch
no
lo
gy
R
es
ea
rc
h 
de
sig
n;
 fi
nd
in
gs
tr
ea
tm
en
t n
on
-
ad
he
re
nt
H
en
ry
 e
t a
l. 
[3
1]
; U
nit
ed
 
St
at
es
N
 =
 5
84
; 
ge
nd
er
: N
R;
 
PL
W
H
 c
lin
ic
 
pa
tie
nt
s, 
m
en
ta
lly
 il
l, 
pe
rs
on
s w
ith
 
ST
D
 d
ia
gn
os
is,
 
m
ili
ta
ry
,
 
su
bs
ta
nc
e 
us
er
,
 
ho
m
el
es
s
A
fri
ca
n 
A
m
er
ic
an
s 3
3%
M
ed
ic
al
 a
pp
oi
nt
m
en
t d
at
a
Ca
re
 re
te
nt
io
n;
 
be
ha
v
io
ra
l m
od
el
 
o
f h
ea
lth
 se
rv
ic
es
 
u
til
iz
at
io
n;
 
st
ru
ct
ur
al
 
ch
an
ge
, p
ol
ic
y
A
dd
iti
on
al
 a
ut
om
at
ed
 te
le
ph
on
e 
re
m
in
de
r; 
au
to
m
at
ed
 te
le
ph
on
e 
re
m
in
de
r
N
on
-R
CT
; p
at
ie
nt
s w
ho
 w
er
e 
n
o
t h
om
el
es
s, 
w
ho
 w
er
e 
no
t 
di
ag
no
se
d 
w
ith
 d
ep
re
ss
io
n,
 a
nd
 
w
ho
 h
ad
 fi
v
e 
o
r 
m
o
re
 
ap
po
in
tm
en
ts 
sc
he
du
le
d 
in
 6
 
m
o
n
th
s h
ad
 si
gn
ifi
ca
nt
ly
 fe
w
er
 
n
o
-s
ho
w
s 
af
te
r i
nt
er
ve
n
tio
n.
 
Th
e 
in
te
rv
en
tio
n 
w
as
 n
o
t 
ef
fe
ct
iv
e 
in
 re
du
ci
ng
 n
o-
sh
ow
s 
am
o
n
g 
ho
m
el
es
s p
at
ie
nt
s, 
ra
ci
al
/e
th
ni
c 
m
in
or
iti
es
, a
nd
 
pa
tie
nt
s w
ith
 m
en
ta
l h
ea
lth
 
di
so
rd
er
s
H
er
sc
h 
et
 a
l. 
[3
9]
; 
co
u
n
tr
y:
 N
R
N
 =
 1
68
; m
al
e 
73
%
, 
tr
an
sg
en
de
r 
6%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s 
w
ho
 li
v
e 
in
 
u
rb
an
/in
ne
r 
ci
tie
s. 
PL
W
H
 
w
ho
 a
re
 
tr
ea
tm
en
t n
on
-
ad
he
re
nt
A
fri
ca
n 
A
m
er
ic
an
 8
4%
H
IV
 c
lin
ic
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: c
og
ni
tiv
e 
be
ha
v
io
ra
l 
th
er
ap
y;
 
co
gn
iti
on
, 
em
o
tio
na
l w
el
l-
be
in
g,
 sk
ill
s 
bu
ild
in
g
K
no
w
le
dg
e,
 sk
ill
s i
n 
pr
ob
le
m
 
so
lv
in
g,
 g
oa
l s
et
tin
g,
 c
op
in
g,
 a
nd
 
co
m
m
u
n
ic
at
io
n,
 e
m
ot
io
ns
, b
ar
rie
rs
 
an
d 
fa
ci
lit
at
or
s t
o 
pe
rfo
rm
in
g 
ta
rg
et
 b
eh
av
io
r, 
se
x
u
al
 a
nd
 d
ru
g 
tr
ig
ge
rs
; c
om
pu
te
r/i
nt
er
ne
t
R
CT
; i
nt
er
ve
n
tio
n 
as
so
ci
at
ed
 
w
ith
 in
cr
ea
se
d 
m
ed
ic
at
io
n 
ad
he
re
nc
e
H
er
w
eh
e 
et
 a
l. 
[2
1]
; 
U
ni
te
d 
St
at
es
N
 =
 3
45
; m
al
e 
62
%
; P
LW
H
 
w
ho
 a
re
 lo
st 
to
 
ca
re
A
fri
ca
n 
A
m
er
ic
an
 7
2%
H
ea
lth
 c
ar
e
Li
nk
ag
e 
to
 c
ar
e,
 
R
e-
en
ga
ge
m
en
t 
in
 c
ar
e;
 th
eo
ry
: 
N
R;
 a
cc
es
s, 
kn
ow
le
dg
e
O
ut
 o
f c
ar
e 
al
er
ts;
 e
le
ct
ro
ni
c 
te
ch
no
lo
gy
 (o
ut 
of 
ca
re 
ale
rts
)
Pr
e–
po
st 
de
sig
n;
 p
re
lim
in
ar
y 
an
al
ys
es
 sh
ow
 th
at
 th
e 
al
er
t 
sy
ste
m
 w
as
 a
ss
o
ci
at
ed
 w
ith
 
in
cr
ea
se
d 
lin
ka
ge
 a
nd
 re
te
nt
io
n 
in
 c
ar
e 
am
on
g 
cl
ie
nt
s
In
ge
rs
ol
l e
t a
l. 
[2
4]
; 
U
ni
te
d 
St
at
es
N
 =
 6
3;
 g
en
de
r: 
m
al
e 
60
%
, 
fe
m
al
e 
36
%
, 
tr
an
sg
en
de
r 
3%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s 
w
ho
 a
re
 
tr
ea
tm
en
t-
ex
pe
rie
nc
ed
 
an
d 
tre
at
m
en
t 
n
o
n
-a
dh
er
en
t, 
lo
w
-in
co
m
e,
 
liv
in
g 
in
 ru
ra
l 
se
tti
ng
A
fri
ca
n 
A
m
er
ic
an
 6
5%
Pr
im
ar
y 
H
IV
 c
ar
e 
cl
in
ic
s
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: I
M
B,
 
so
ci
al
 a
ct
io
n;
 
m
ec
ha
ni
sm
: 
co
gn
iti
on
, 
em
o
tio
na
l w
el
l-
be
in
g,
 sk
ill
s 
bu
ild
in
g
Em
ot
io
ns
, s
ex
u
al
 a
nd
 d
ru
g 
tr
ig
ge
rs
, q
ue
rie
s a
bo
ut
 ta
ki
ng
 d
ru
g 
m
ed
ic
at
io
n;
 m
ob
ile
 d
ev
ic
e-
SM
S 
te
x
t m
es
sa
gi
ng
R
CT
; i
nt
er
ve
n
tio
n 
sh
ow
s 
ev
id
en
ce
 o
f i
m
pr
ov
in
g 
A
RT
 
ad
he
re
nc
e
K
al
ic
hm
an
 e
t a
l. 
[3
5]
; 
U
ni
te
d 
St
at
es
N
 =
 6
00
; 
ge
nd
er
: m
al
e 
76
%
, f
em
al
e 
A
fri
ca
n 
A
m
er
ic
an
 9
6%
H
ea
lth
 c
ar
e,
 c
om
m
un
ity
/so
ci
al
 
se
rv
ic
e 
ag
en
cy
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: s
el
f-
K
no
w
le
dg
e,
 p
er
so
na
l g
oa
l s
et
tin
g,
 
ba
rri
er
s/f
ac
ili
ta
to
rs
 to
 p
er
fo
rm
in
g 
ta
rg
et
 b
eh
av
io
r, 
re
m
in
de
rs
; m
ob
ile
 
R
CT
; i
nt
er
ve
n
tio
n 
sh
ow
s 
ev
id
en
ce
 o
f i
m
pr
ov
in
g 
A
RT
 
ad
he
re
nc
e
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Au
th
or
; s
tu
dy
 lo
ca
tio
n
Sa
m
pl
e s
iz
e;
 
se
x
; t
ar
ge
t 
po
pu
la
tio
n
R
ac
e 
an
d 
et
hn
ic
ity
R
ec
ru
itm
en
t s
et
tin
g
In
te
rv
en
tio
n 
fo
cu
s;
 th
eo
ry
; 
m
ec
ha
ni
sm
 o
f 
ch
an
ge
In
te
rv
en
tio
n 
co
nt
en
t; 
de
liv
er
y 
te
ch
no
lo
gy
R
es
ea
rc
h 
de
sig
n;
 fi
nd
in
gs
36
%
, 
tr
an
sg
en
de
r 
9%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s 
w
ho
 a
re
 
tr
ea
tm
en
t n
on
-
ad
he
re
nt
re
gu
la
tio
n 
th
eo
ry
; 
m
ec
ha
ni
sm
: 
kn
ow
le
dg
e,
 
ac
ce
ss
de
v
ic
e-
au
to
m
at
ed
 S
M
S 
te
x
t 
m
es
sa
gi
ng
 sy
ste
m
K
al
ic
hm
an
 e
t a
l. 
[3
3]
; 
U
ni
te
d 
St
at
es
N
 =
 4
0;
 m
al
e 
65
%
, 
tr
an
sg
en
de
r 
10
%
; P
LW
H
 
w
ho
 a
re
 
tr
ea
tm
en
t-
ex
pe
rie
nc
ed
 
an
d 
tre
at
m
en
t 
n
o
n
-a
dh
er
en
t
A
fri
ca
n 
A
m
er
ic
an
 9
5%
D
ise
as
e 
cl
in
ic
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 I-
se
lf 
re
gu
la
tio
n 
m
od
el
 
o
f m
ed
ic
at
io
n 
ad
he
re
nc
e;
 
ac
ce
ss
, 
co
gn
iti
on
, 
em
o
tio
na
l w
el
l-
be
in
g,
 
kn
ow
le
dg
e,
 
sk
ill
s-
bu
ild
in
g
K
no
w
le
dg
e,
 se
lf-
re
gu
la
tio
n 
of
 
m
ed
ic
at
io
n,
 m
ed
ia
tio
n 
m
an
ag
em
en
t s
ki
lls
, b
ar
rie
rs
 a
nd
 
fa
ci
lit
at
or
s t
o 
pe
rfo
rm
in
g 
ta
rg
et
 
be
ha
v
io
r, 
pi
ll 
co
un
ts;
 c
el
l p
ho
ne
 
(co
un
sel
ing
 ov
er
 th
e 
ph
on
e 
an
d 
in
-
pe
rs
on
)
R
CT
; s
el
f-r
eg
ul
at
io
n 
co
u
n
se
lin
g 
vi
a 
ce
ll 
ph
on
e 
sh
ow
ed
 si
gn
ifi
ca
nt
 
im
pr
ov
em
en
ts
 in
 a
dh
er
en
ce
 
co
m
pa
re
d 
to
 c
on
tro
l g
ro
up
K
u
rt
h 
et
 a
l. 
[2
5]
; U
nit
ed
 
St
at
es
N
 =
 4
33
; m
al
e 
69
%
, f
em
al
e 
26
%
, 
tr
an
sg
en
de
r 
4%
; H
isp
an
ic
/
La
tin
o 
PL
W
H
 
cl
in
ic
 p
at
ie
nt
s 
w
ho
 a
re
 
tr
ea
tm
en
t-
ex
pe
rie
nc
ed
H
isp
an
ic
/L
at
in
o 
97
%
H
IV
 c
lin
ic
M
ed
ic
at
io
n 
ad
he
re
nc
e,
 
v
iro
lo
gi
c 
su
pp
re
ss
io
n;
 
th
eo
ry
: 
in
fo
rm
at
io
n-
m
o
tiv
at
io
n 
be
ha
v
io
r, 
so
ci
al
 
co
gn
iti
v
e 
ro
le
 
m
o
de
lin
g,
 
m
o
tiv
at
io
na
l 
in
te
rv
ie
w
in
g;
 
m
ec
ha
ni
sm
: 
co
gn
iti
on
, s
ki
lls
 
bu
ild
in
g
K
no
w
le
dg
e,
 m
ot
iv
at
io
n,
 sk
ill
s 
bu
ild
in
g,
 ri
sk
 a
ss
es
sm
en
t a
nd
 
pl
an
ni
ng
, p
er
so
na
l g
oa
l s
et
tin
g,
 
pe
rc
ei
v
ed
 ri
sk
, s
ex
u
al
/d
ru
g 
ris
k 
tr
ig
ge
rs
, e
th
ni
c 
pr
id
e;
 c
om
pu
te
r
R
CT
; n
o 
st
at
ist
ic
al
ly
 
sig
ni
fic
an
t d
iff
er
en
ce
 in
 
ad
he
re
nc
e,
 v
ira
l l
oa
d,
 o
r s
ex
u
al
 
tr
an
sm
iss
io
n 
ris
k 
be
ha
v
io
rs
 
o
v
er
 ti
m
e 
be
tw
ee
n 
in
te
rv
en
tio
n 
gr
ou
p 
an
d 
co
nt
ro
l g
ro
up
K
u
rt
h 
et
 a
l. 
[2
9]
; U
nit
ed
 
St
at
es
N
 =
 2
39
; m
al
e 
91
%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s 
w
ho
 a
re
 
tr
ea
tm
en
t-
ex
pe
rie
nc
ed
A
fri
ca
n 
A
m
er
ic
an
 2
5%
, 
A
m
er
ic
an
 In
di
an
 1
0%
, 
H
isp
an
ic
/L
at
in
o 
7%
, 
W
hi
te
 4
6%
Co
m
m
un
ity
 so
ci
al
 se
rv
ic
e 
ag
en
cy
,
 
E-
H
ea
lth
, p
ub
lic
 H
IV
 
cl
in
ic
M
ed
ic
at
io
n 
ad
he
re
nc
e,
 
v
iro
lo
gi
c 
su
pp
re
ss
io
n;
 
in
fo
rm
at
io
n-
m
o
tiv
at
io
n-
be
ha
v
io
ra
l s
ki
lls
 
m
o
de
l, 
tr
an
st
he
or
et
ic
al
 
m
o
de
l, 
m
o
tiv
at
io
na
l 
in
te
rv
ie
w
in
g;
 
co
gn
iti
on
, s
ki
lls
 
bu
ild
in
g
M
ot
iv
at
io
n,
 sk
ill
s–
us
e 
of
 ri
sk
 
re
du
ct
io
n 
su
pp
lie
s, 
co
m
m
u
n
ic
at
io
n,
 a
nd
. A
RT
 
ad
he
re
nc
e,
 ri
sk
 aw
ar
en
es
s 
pl
an
, 
po
sit
iv
e/
ne
ga
tiv
e 
ex
pe
ct
an
ci
es
, 
pe
rs
on
al
 g
oa
l s
et
tin
g.
 P
er
ce
iv
ed
 
ris
k,
 e
m
ot
io
ns
, b
ar
rie
rs
 a
nd
 
fa
ci
lit
at
or
s t
o 
pe
rfo
rm
in
g 
ta
rg
et
 
be
ha
v
io
r, 
se
x
u
al
 a
nd
 d
ru
g 
ris
k 
tr
ig
ge
rs
; c
om
pu
te
r-b
as
ed
R
CT
; i
nt
er
ve
n
tio
n 
gr
ou
p 
ha
d 
re
du
ce
d 
vi
ra
l l
oa
d,
 si
gn
ifi
ca
nt
 
di
ffe
re
nc
e 
in
 A
RT
 a
dh
er
en
ce
 
an
d 
de
cr
ea
se
d 
se
x
u
al
 
tr
an
sm
iss
io
n 
ris
k 
be
ha
v
io
rs
 
co
m
pa
re
d 
to
 c
on
tro
l g
ro
up
Le
id
er
 e
t a
l. 
[4
5]
; U
nit
ed
 
St
at
es
N
 =
 2
4,
49
5;
 
m
al
e 
70
%
; 
A
fri
ca
n 
A
m
er
ic
an
 5
1%
H
os
pi
ta
l e
m
er
ge
nc
y 
de
pa
rtm
en
t
Li
nk
ag
e 
to
 c
ar
e;
 
th
eo
ry
: N
R;
 
K
no
w
le
dg
e;
 v
id
eo
 a
t p
re
-a
nd
 p
os
t-
H
IV
 te
st
Pr
e–
po
st 
de
sig
n;
 a
 to
ta
l o
f 
83
.6
%
 (9
7/1
16
) o
f P
LW
H
 w
er
e 
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Au
th
or
; s
tu
dy
 lo
ca
tio
n
Sa
m
pl
e s
iz
e;
 
se
x
; t
ar
ge
t 
po
pu
la
tio
n
R
ac
e 
an
d 
et
hn
ic
ity
R
ec
ru
itm
en
t s
et
tin
g
In
te
rv
en
tio
n 
fo
cu
s;
 th
eo
ry
; 
m
ec
ha
ni
sm
 o
f 
ch
an
ge
In
te
rv
en
tio
n 
co
nt
en
t; 
de
liv
er
y 
te
ch
no
lo
gy
R
es
ea
rc
h 
de
sig
n;
 fi
nd
in
gs
cl
in
ic
 p
at
ie
nt
s 
in
 u
rb
an
/in
ne
r 
ci
ty
 a
re
as
ac
ce
ss
, 
kn
ow
le
dg
e
lin
ke
d 
in
to
 sp
ec
ia
liz
ed
 c
ar
e.
 
Fi
nd
in
gs
 su
gg
es
t t
ha
t a
 
m
u
lti
m
ed
ia
 te
sti
ng
 m
od
el
 th
at
 
in
cl
ud
es
 a
 c
ou
ns
el
or
 w
ho
 a
ct
s 
as
 te
st
er
 a
nd
 n
av
ig
at
or
 c
an
 
su
cc
es
sf
ul
ly
 li
nk
 a
 h
ig
h 
pe
rc
en
ta
ge
 o
f p
at
ie
nt
s i
nt
o 
sp
ec
ia
liz
ed
 c
ar
e
Le
st
er
 e
t a
l. 
[5
1]
; K
en
ya
N
 =
 5
38
; 
fe
m
al
e 
65
%
; 
PL
W
H
 c
lin
ic
 
pa
tie
nt
s w
ho
 
ar
e 
tr
ea
tm
en
t-
n
aï
ve
, 
ru
ra
l, 
lo
w
 in
co
m
e
N
R
H
IV
 c
lin
ic
M
ed
ic
at
io
n 
ad
he
re
nc
e,
 
v
iro
lo
gi
c 
su
pp
re
ss
io
n;
 
th
eo
ry
: N
R;
 
ac
ce
ss
, 
em
o
tio
na
l 
w
el
l-b
ei
ng
So
ci
al
 su
pp
or
t; 
SM
S 
(in
ter
ac
tiv
e)
R
CT
; p
at
ie
nt
s w
ho
 re
ce
iv
ed
 
SM
S 
su
pp
or
t s
ig
ni
fic
an
tly
 
im
pr
ov
ed
 A
RT
 a
dh
er
en
ce
 a
nd
 
ra
te
s 
of
 v
ira
l s
up
pr
es
sio
n 
co
m
pa
re
d 
w
ith
 c
on
tro
l g
ro
up
Le
w
is 
et
 a
l. 
[5
9]
; U
nit
ed
 
St
at
es
N
 =
 5
2;
 m
al
e 
10
0%
; P
LW
H
 
w
ho
 a
re
 M
SM
 
cl
in
ic
 p
at
ie
nt
s 
in
 u
rb
an
 
se
tti
ng
s
A
fri
ca
n 
A
m
er
ic
an
 3
3%
, 
H
isp
an
ic
/L
at
in
o 
33
%
Cl
in
ic
s
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: N
R;
 
co
gn
iti
on
, 
em
o
tio
na
l w
el
l-
be
in
g,
 
kn
ow
le
dg
e
M
ot
iv
at
io
n,
 so
ci
al
 su
pp
or
t, 
ta
ilo
re
d 
re
m
in
de
r m
es
sa
ge
s; 
m
ob
ile
 d
ev
ic
e 
(S
M
S m
ess
ag
es)
Pr
e–
po
st 
de
sig
n;
 se
lf-
re
po
rte
d 
m
ed
ic
at
io
n 
ad
he
re
nc
e 
sig
ni
fic
an
tly
 im
pr
ov
ed
 a
m
on
g 
pa
rti
ci
pa
nt
s w
ho
 b
eg
an
 th
e 
st
ud
y 
as
 n
on
-a
dh
er
en
t a
nd
 
re
ce
iv
ed
 ta
ilo
re
d 
m
ed
ic
at
io
n 
re
m
in
de
rs
M
bu
ag
ba
w
 e
t a
l. 
[6
4]
; 
Ca
m
er
oo
n
N
 =
 2
00
; 
fe
m
al
e 
79
%
; 
ad
ul
t P
LW
H
 
cl
in
ic
 p
at
ie
nt
s 
w
ho
 a
re
 
tr
ea
tm
en
t 
ex
pe
rie
nc
ed
N
R
H
os
pi
ta
ls
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: N
R;
 
co
gn
iti
on
, 
re
m
in
de
rs
R
em
in
de
rs
; S
M
S 
(st
an
da
rdi
ze
d)
R
CT
; s
ta
nd
ar
di
ze
d 
m
o
tiv
at
io
na
l m
ob
ile
 p
ho
ne
 te
x
t 
m
es
sa
ge
s d
id
 n
ot
 si
gn
ifi
ca
nt
ly
 
im
pr
ov
e 
ad
he
re
nc
e 
to
 A
RT
 in
 
th
is 
stu
dy
M
ad
uk
a 
et
 a
l. 
[6
0]
; 
N
ig
er
ia
N
 =
 1
04
; 
fe
m
al
e 
57
%
; 
ta
rg
et
 
po
pu
la
tio
n:
 N
R
N
R
H
os
pi
ta
l
M
ed
ic
at
io
n 
ad
he
re
nc
e,
 
v
iro
lo
gi
c 
su
pp
re
ss
io
n;
 
th
eo
ry
: N
R;
 
m
ec
ha
ni
sm
: N
R
R
em
in
de
rs
; S
M
S 
(S
tan
da
rdi
ze
d 
an
d 
m
on
th
ly
 fa
ce
-t
o-
fa
ce
 
co
u
n
se
lin
g)
R
CT
; i
nt
er
ve
n
tio
n 
gr
ou
p 
ac
hi
ev
ed
 st
at
ist
ic
al
ly
 
sig
ni
fic
an
tly
 h
ig
he
r a
dh
er
en
ce
 
an
d 
CD
4 
co
un
t c
om
pa
re
d 
w
ith
 
co
n
tr
ol
 g
ro
up
M
oo
re
 e
t a
l. 
[3
8]
; 
co
u
n
tr
y:
 N
R
N
 =
 5
0;
 m
al
e 
92
%
; t
ar
ge
t 
po
pu
la
tio
n:
 N
R
N
R
N
R
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
 o
f p
la
nn
ed
 
be
ha
v
io
r; 
m
ec
ha
ni
sm
: N
R
K
no
w
le
dg
e,
 m
ot
iv
at
io
n,
 in
te
nt
io
n,
 
co
pi
ng
 sk
ill
s, 
pe
rs
on
al
iz
ed
 te
x
t 
re
m
in
de
rs
: S
M
S 
(in
ter
ac
tiv
e)
R
CT
; i
nt
er
ve
n
tio
n 
gr
ou
p 
ha
d 
sig
ni
fic
an
tly
 im
pr
ov
ed
 d
os
e 
tim
in
g 
of
 A
RT
 m
ed
ic
at
io
n 
co
m
pa
re
d 
to
 c
on
tro
l g
ro
up
N
aa
r-K
in
g 
et
 a
l. 
[3
0]
; 
U
ni
te
d 
St
at
es
N
 =
 7
6;
 m
al
e 
80
%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s 
w
ho
 a
re
 
tr
ea
tm
en
t-
na
ïv
e 
yo
ut
h 
or
 y
ou
ng
 
ad
ul
ts
A
fri
ca
n 
A
m
er
ic
an
 7
1%
H
os
pi
ta
ls
M
ed
ic
at
io
n 
ad
he
re
nc
e,
 
v
iro
lo
gi
c 
su
pp
re
ss
io
n;
 
m
o
tiv
at
io
na
l 
in
te
rv
ie
w
in
g;
 
co
gn
iti
on
, 
em
o
tio
na
l w
el
l-
K
no
w
le
dg
e,
 m
ot
iv
at
io
n,
 g
oa
l 
se
tti
ng
, b
ar
rie
rs
 a
nd
 fa
ci
lit
at
or
s t
o 
pe
rfo
rm
in
g 
ta
rg
et
 b
eh
av
io
r, 
pe
rs
on
al
iz
ed
 fe
ed
ba
ck
; w
eb
-b
as
ed
 
co
m
pu
te
r
R
CT
; e
ffe
ct
 si
ze
s s
ug
ge
ste
d 
th
at
 th
e 
in
te
rv
en
tio
n 
gr
ou
p 
sh
ow
ed
 g
re
at
er
 d
ro
p 
in
 v
ira
l 
lo
ad
 fr
om
 b
as
el
in
e 
to
 6
 m
on
th
s 
co
m
pa
re
d 
to
 c
on
tro
l g
ro
up
AIDS Behav. Author manuscript; available in PMC 2018 January 10.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Henny et al. Page 25
Au
th
or
; s
tu
dy
 lo
ca
tio
n
Sa
m
pl
e s
iz
e;
 
se
x
; t
ar
ge
t 
po
pu
la
tio
n
R
ac
e 
an
d 
et
hn
ic
ity
R
ec
ru
itm
en
t s
et
tin
g
In
te
rv
en
tio
n 
fo
cu
s;
 th
eo
ry
; 
m
ec
ha
ni
sm
 o
f 
ch
an
ge
In
te
rv
en
tio
n 
co
nt
en
t; 
de
liv
er
y 
te
ch
no
lo
gy
R
es
ea
rc
h 
de
sig
n;
 fi
nd
in
gs
be
in
g,
 
kn
ow
le
dg
e
N
sa
gh
a 
et
 a
l. 
[5
0]
; 
Ca
m
er
oo
n
N
 =
 9
0;
 m
al
e 
39
%
, f
em
al
e 
61
%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s 
w
ho
 a
re
 
tr
ea
tm
en
t-
ex
pe
rie
nc
ed
N
R
H
os
pi
ta
l H
IV
 c
lin
ic
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: N
R;
 
m
ec
ha
ni
sm
: 
kn
ow
le
dg
e
K
no
w
le
dg
e,
 m
ed
ic
at
io
n 
re
m
in
de
rs
; 
SM
S 
te
x
t m
es
sa
gi
ng
R
CT
; i
nt
er
ve
n
tio
n 
sh
ow
s 
ev
id
en
ce
 o
f i
m
pr
ov
in
g 
A
RT
 
ad
he
re
nc
e
O
rre
ll 
et
 a
l. 
[7
7]
; S
ou
th 
A
fri
ca
N
 =
 2
30
; 
ge
nd
er
: f
em
al
e 
65
%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s 
w
ho
 a
re
 
tr
ea
tm
en
t-
na
iv
e
N
R
A
RT
 o
ut
pa
tie
nt
 c
lin
ic
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: N
R;
 
m
ec
ha
ni
sm
: N
R
Po
sit
iv
e/
ne
ga
tiv
e 
ex
pe
ct
an
ci
es
, 
ba
rri
er
s/f
ac
ili
ta
to
rs
 to
 m
ed
ic
at
io
n 
ad
he
re
nc
e 
re
m
in
de
rs
; m
ob
ile
 
de
v
ic
e-
SM
S 
te
x
t m
es
sa
gi
ng
R
CT
; n
o 
st
at
ist
ic
al
ly
 
sig
ni
fic
an
t d
iff
er
en
ce
 in
 
im
pr
ov
in
g 
A
RT
 a
dh
er
en
ce
 
be
tw
ee
n 
in
te
rv
en
tio
n 
an
d 
co
n
tr
ol
 g
ro
up
s
O
w
nb
y 
et
 a
l. 
[4
1]
; 
U
ni
te
d 
St
at
es
N
 =
 1
09
; m
al
e 
71
%
; P
LW
H
 in
 
ca
re
A
fri
ca
n 
A
m
er
ic
an
 6
3%
H
ea
lth
 c
ar
e 
se
tti
ng
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
in
fo
rm
at
io
n-
m
o
tiv
at
io
n-
be
ha
v
io
ra
l s
ki
lls
 
m
o
de
l; 
co
gn
iti
on
, 
em
o
tio
na
l w
el
l-
be
in
g,
 
kn
ow
le
dg
e,
 sk
ill
s 
bu
ild
in
g
K
no
w
le
dg
e,
 m
ed
ic
at
io
n 
ad
he
re
nc
e 
sk
ill
s, 
ba
rri
er
s a
nd
 fa
ci
lit
at
or
s t
o 
pe
rfo
rm
in
g 
ta
rg
et
 b
eh
av
io
r; 
co
m
pu
te
r
Pr
e–
po
st 
de
sig
n;
 n
o 
st
at
ist
ic
al
ly
 si
gn
ifi
ca
nt
 c
ha
ng
es
 
in
 a
dh
er
en
ce
Pe
re
ra
 e
t a
l. 
[6
1]
; N
ew
 
Ze
al
an
d
N
 =
 2
8;
 m
al
e 
93
%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s 
w
ho
 a
re
 
tr
ea
tm
en
t 
ex
pe
rie
nc
e
N
R
Co
m
m
un
ity
 so
ci
al
 se
rv
ic
e 
ag
en
cy
,
 
ho
sp
ita
l
M
ed
ic
at
io
n 
ad
he
re
nc
e,
 
v
iro
lo
gi
c 
su
pp
re
ss
io
n;
 
th
eo
ry
: N
R;
 
kn
ow
le
dg
e,
 
co
gn
iti
on
G
ra
ph
ic
al
 re
pr
es
en
ta
tio
ns
 o
f 
m
ed
ic
at
io
n 
le
v
el
s i
n 
bo
dy
.
 
Pi
ct
or
ia
l r
ep
re
se
nt
at
io
ns
 o
f C
D
4 
co
u
n
t a
nd
 v
ira
l l
oa
d.
 2
4-
ho
ur
 
m
ed
ic
at
io
n 
cl
oc
k;
 sm
ar
tp
ho
ne
 a
pp
R
CT
; i
nt
er
ve
n
tio
n 
gr
ou
p 
sh
ow
ed
 a
 si
gn
ifi
ca
nt
ly
 h
ig
he
r 
le
v
el
 o
f s
el
f-r
ep
or
te
d 
ad
he
re
nc
e 
to
 A
RT
 a
nd
 
de
cr
ea
se
d 
vi
ra
l l
oa
d 
(p 
= 
0.
02
3) 
as 
co
mp
are
d t
o 
co
m
pa
ris
on
 g
ro
up
Pe
rr
on
 e
t a
l. 
[4
6]
; 
Sw
itz
er
la
nd
N
 =
 2
13
0;
 m
al
e 
57
%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s 
in
 c
ar
e 
in
 u
rb
an
 
se
tti
ng
, 
R
ef
ug
ee
s a
nd
 
im
m
ig
ra
nt
s
N
R
H
IV
 c
lin
ic
 in
 a
 h
os
pi
ta
l
Ca
re
 re
te
nt
io
n;
 
th
eo
ry
: N
R;
 
kn
ow
le
dg
e
A
pp
oi
nt
m
en
t r
em
in
de
rs
; m
ob
ile
 
de
v
ic
e 
(S
M
S m
ess
ag
es)
R
CT
; u
se
 o
f e
le
ct
ro
ni
c 
ap
po
in
tm
en
t r
em
in
de
rs
 
sig
ni
fic
an
tly
 re
du
ce
d 
th
e 
ra
te
 
o
f m
iss
ed
 a
pp
oi
nt
m
en
ts 
co
m
pa
re
d 
to
 c
on
tro
l g
ro
up
Po
p-
El
ec
he
s e
t a
l. 
[5
8]
; 
K
en
ya
N
 =
 4
28
; 
fe
m
al
e 
69
%
; 
PL
W
H
 c
lin
ic
 
pa
tie
nt
s i
n 
ru
ra
l 
ar
ea
s 
w
ho
 a
re
 
tr
ea
tm
en
t-
ex
pe
rie
nc
ed
N
R
R
ur
al
 c
lin
ic
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: N
R;
 
co
gn
iti
on
, 
em
o
tio
na
l w
el
l-
be
in
g,
 
kn
ow
le
dg
e
So
ci
al
 su
pp
or
t, 
ba
rri
er
s a
nd
 
fa
ci
lit
at
or
s t
o 
pe
rfo
rm
in
g 
ta
rg
et
 
be
ha
v
io
r, 
pa
id
 m
ob
ile
 p
ho
ne
s, 
SM
S 
m
es
sa
ge
s; 
ce
ll 
ph
on
e 
an
d 
SM
S 
m
es
sa
ge
s
R
CT
; S
M
S 
m
es
sa
gi
ng
 g
ro
up
 
ac
hi
ev
ed
 h
ig
he
r r
at
es
 o
f 
ad
he
re
nc
e 
an
d 
lo
w
er
s 
ra
te
s 
of
 
ad
he
re
nc
e 
in
te
rru
pt
io
ns
 
co
m
pa
re
d 
to
 c
on
tro
l g
ro
up
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Au
th
or
; s
tu
dy
 lo
ca
tio
n
Sa
m
pl
e s
iz
e;
 
se
x
; t
ar
ge
t 
po
pu
la
tio
n
R
ac
e 
an
d 
et
hn
ic
ity
R
ec
ru
itm
en
t s
et
tin
g
In
te
rv
en
tio
n 
fo
cu
s;
 th
eo
ry
; 
m
ec
ha
ni
sm
 o
f 
ch
an
ge
In
te
rv
en
tio
n 
co
nt
en
t; 
de
liv
er
y 
te
ch
no
lo
gy
R
es
ea
rc
h 
de
sig
n;
 fi
nd
in
gs
R
an
a 
et
 a
l. 
[2
2]
; U
nit
ed
 
St
at
es
N
 =
 3
2;
 g
en
de
r: 
m
al
e 
69
%
; 
PL
W
H
 c
lin
ic
 
pa
tie
nt
s w
ho
 
ar
e 
in
 c
ar
e,
 
n
ew
ly
-
di
ag
no
se
d,
 
tr
ea
tm
en
t n
on
-
ad
he
re
nt
W
hi
te
 6
6%
Pr
im
ar
y 
H
IV
 c
ar
e 
cl
in
ic
s
Ca
re
 re
te
nt
io
n,
 
v
iro
lo
gi
c 
su
pp
re
ss
io
n;
 
th
eo
ry
: N
R;
 
m
ec
ha
ni
sm
: 
ac
ce
ss
, 
co
gn
iti
on
B
ar
rie
rs
/fa
ci
lit
at
or
s t
o 
pe
rfo
rm
in
g 
ta
rg
et
 b
eh
av
io
r, 
ap
po
in
tm
en
t 
re
m
in
de
rs
, m
ed
ic
at
io
n 
ad
he
re
nc
e 
re
m
in
de
rs
; m
ob
ile
 d
ev
ic
e-
SM
S 
te
x
t m
es
sa
gi
ng
N
on
-R
CT
 (P
re/
po
st-
tes
t);
 
in
te
rv
en
tio
n 
sh
ow
s 
pr
el
im
in
ar
y 
ef
fic
ac
y 
in
 im
pr
ov
in
g 
ca
re
 
re
te
nt
io
n 
an
d 
vi
ro
lo
gi
c 
su
pp
re
ss
io
n
R
ob
bi
ns
 e
t a
l. 
[5
6]
; 
So
ut
h 
A
fri
ca
N
 =
 6
5;
 g
en
de
r: 
fe
m
al
e 
66
%
; 
PL
W
H
 c
lin
ic
 
pa
tie
nt
s w
ho
 
ar
e 
tr
ea
tm
en
t-
ex
pe
rie
nc
ed
 
an
d 
tre
at
m
en
t 
n
o
n
-a
dh
er
en
t
N
R
H
ea
lth
 c
lin
ic
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: s
oc
ia
l 
ac
tio
n;
 
m
ec
ha
ni
sm
: 
kn
ow
le
dg
e,
 
co
gn
iti
on
, 
em
o
tio
na
l w
el
l-
be
in
g,
 sk
ill
s 
bu
ild
in
g
K
no
w
le
dg
e,
 a
dh
er
en
ce
 se
lf-
ef
fic
ac
y,
 
so
ci
al
 su
pp
or
t, 
sk
ill
s: 
pr
ob
le
m
-s
ol
vi
ng
 a
dh
er
en
ce
, 
po
sit
iv
e/
ne
ga
tiv
e 
ex
pe
ct
an
ci
es
, 
o
th
er
 m
en
ta
l h
ea
lth
 a
nd
 su
bs
ta
nc
e 
ab
u
se
 c
o
u
n
se
lin
g 
at
 c
ou
ns
el
or
’s
 
di
sc
re
tio
n;
 c
om
pu
te
r-b
as
ed
 
pr
og
ra
m
R
CT
; i
nt
er
ve
n
tio
n 
sh
ow
s 
pr
el
im
in
ar
y 
ef
fic
ac
y 
in
 
im
pr
ov
in
g 
m
ed
ic
at
io
n 
ad
he
re
nc
e
R
ob
bi
ns
 e
t a
l. 
[6
5]
; 
U
ni
te
d 
St
at
es
N
 =
 1
01
1;
 m
al
e 
79
%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s 
in
 c
ar
e,
 S
er
vi
ce
 
pr
ov
id
er
s
W
hi
te
 5
4%
H
IV
 c
lin
ic
Ca
re
 re
te
nt
io
n,
 
v
iro
lo
gi
c 
su
pp
re
ss
io
n;
 
th
eo
ry
: N
R;
 
ca
pa
ci
ty
 
bu
ild
in
g,
 so
ci
al
 
o
r 
o
rg
an
iz
at
io
na
l 
st
ru
ct
ur
e
El
ec
tro
ni
c 
al
er
t s
ys
te
m
; c
om
pu
te
r 
al
er
ts
R
CT
; i
nt
er
ve
n
tio
n 
gr
ou
p 
us
in
g 
in
te
ra
ct
iv
e 
pr
ov
id
er
 a
le
rts
 
sh
ow
ed
 si
gn
ifi
ca
nt
ly
 im
pr
ov
ed
 
CD
4 
ce
ll 
co
un
ts 
an
d 
cl
in
ic
 
fo
llo
w
-u
p 
co
m
pa
re
d 
to
 c
on
tro
l 
gr
ou
p
Sa
bi
n 
et
 a
l. 
[7
8]
 C
hin
a
N
 =
 1
16
; 
ge
nd
er
: m
al
es
 
64
%
; P
LW
H
 
w
ho
 a
re
 
tr
ea
tm
en
t-
n
aï
ve
, 
tr
ea
tm
en
t-
ex
pe
rie
nc
ed
N
R
H
ea
lth
 c
ar
e:
 A
RT
 c
lin
ic
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: N
R;
 
m
ec
ha
ni
sm
: 
co
gn
iti
on
, 
em
o
tio
na
l w
el
l-
be
in
g,
 re
m
in
de
rs
So
ci
al
 su
pp
or
t, 
m
ed
ic
at
io
n 
re
m
in
de
rs
, a
dh
er
en
ce
 c
ou
ns
el
or
s; 
m
o
bi
le
 p
ho
ne
s-
SM
S 
te
x
t 
re
m
in
de
rs
R
CT
; i
nt
er
ve
n
tio
n 
sh
ow
s 
ef
fic
ac
y 
fo
r i
m
pr
ov
in
g 
A
RT
 
ad
he
re
nc
e
Sc
hw
ar
tz
 e
t a
l. 
[2
6]
; 
So
ut
h 
A
fri
ca
N
 =
 1
00
; 
ge
nd
er
: f
em
al
e 
10
0%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s 
w
ho
 a
re
 
pr
eg
na
nt
N
R
Pr
im
ar
y 
ca
re
 c
lin
ic
Ca
re
 re
te
nt
io
n;
 
th
eo
ry
: I
M
B;
 
m
ec
ha
ni
sm
: 
ac
ce
ss
, 
co
gn
iti
on
, 
kn
ow
le
dg
e
K
no
w
le
dg
e,
 m
ot
iv
at
io
n,
 
ap
po
in
tm
en
t r
em
in
de
rs
, p
re
gn
an
cy
 
an
d 
he
al
th
 in
fo
rm
at
io
n;
 m
ob
ile
 
ph
on
es
N
on
-R
CT
 (1
-gr
ou
p);
 
in
te
rv
en
tio
n 
sh
ow
s 
pr
el
im
in
ar
y 
ev
id
en
ce
 fo
r i
m
pr
ov
in
g 
ca
re
 
re
te
nt
io
n
Sh
et
 e
t a
l. 
[3
6]
; I
nd
ia
N
 =
 6
31
; m
al
e 
57
%
; t
ar
ge
t 
po
pu
la
tio
n:
 N
R
N
R
N
R
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
 o
f p
la
nn
ed
 
be
ha
v
io
r; 
m
ec
ha
ni
sm
: N
R
M
ot
iv
at
io
n,
 m
ed
ic
at
io
n 
re
m
in
de
r; 
SM
S 
an
d 
au
to
m
at
ed
 te
le
ph
on
e 
ca
lls
R
CT
; n
o 
st
at
ist
ic
al
ly
 
sig
ni
fic
an
t d
iff
er
en
ce
 in
 
ad
he
re
nc
e 
or
 v
ira
l l
oa
d 
be
tw
ee
n 
in
te
rv
en
tio
n 
gr
ou
p 
an
d 
co
nt
ro
l g
ro
up
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Au
th
or
; s
tu
dy
 lo
ca
tio
n
Sa
m
pl
e s
iz
e;
 
se
x
; t
ar
ge
t 
po
pu
la
tio
n
R
ac
e 
an
d 
et
hn
ic
ity
R
ec
ru
itm
en
t s
et
tin
g
In
te
rv
en
tio
n 
fo
cu
s;
 th
eo
ry
; 
m
ec
ha
ni
sm
 o
f 
ch
an
ge
In
te
rv
en
tio
n 
co
nt
en
t; 
de
liv
er
y 
te
ch
no
lo
gy
R
es
ea
rc
h 
de
sig
n;
 fi
nd
in
gs
Si
m
on
i e
t a
l. 
[5
4]
; 
U
ni
te
d 
St
at
es
N
 =
 2
24
; m
al
e 
76
%
; P
LW
H
 
cl
in
ic
 p
at
ie
nt
s 
w
ho
 a
re
 
tr
ea
tm
en
t 
n
aï
ve
, 
pa
tie
nt
s 
th
at
 sw
itc
h/
re
st
ar
t 
tr
ea
tm
en
t
A
fri
ca
n 
A
m
er
ic
an
 3
0%
, 
W
hi
te
 4
7%
H
IV
 c
lin
ic
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: N
R;
 
ac
ce
ss
, 
co
gn
iti
on
, 
em
o
tio
na
l w
el
l-
be
in
g,
 
kn
ow
le
dg
e
K
no
w
le
dg
e,
 so
ci
al
 su
pp
or
t, 
pr
ob
le
m
-s
ol
vi
ng
 sk
ill
s, 
ba
rri
er
s 
an
d 
fa
ci
lit
at
or
s t
o 
pe
rfo
rm
in
g 
ta
rg
et
 b
eh
av
io
r; 
pa
ge
r
R
CT
; p
ag
er
 in
te
rv
en
tio
n 
no
t 
as
so
ci
at
ed
 w
ith
 g
re
at
er
 
ad
he
re
nc
e 
bu
t w
as
 a
ss
o
ci
at
ed
 
w
ith
 im
pr
ov
ed
 b
io
lo
gi
ca
l 
o
u
tc
om
es
Th
ur
sto
n 
et
 a
l. 
[4
0]
; 
co
u
n
tr
y:
 N
R
N
 =
 2
; g
en
de
r: 
N
R;
 P
LW
H
 
cl
in
ic
 p
at
ie
nt
s 
w
ho
 a
re
 
tr
ea
tm
en
t-
na
ïv
e 
yo
ut
h 
or
 y
ou
ng
 
ad
ul
ts
N
R
H
ea
lth
 c
ar
e 
se
tti
ng
M
ed
ic
at
io
n 
ad
he
re
nc
e;
 
th
eo
ry
: 
m
o
tiv
at
io
na
l 
in
te
rv
ie
w
in
g,
 
co
gn
iti
v
e 
be
ha
v
io
ra
l 
te
ch
ni
qu
e;
 
m
ec
ha
ni
sm
: N
R
K
no
w
le
dg
e,
 a
tti
tu
de
s, 
so
ci
al
 
su
pp
or
t, 
sk
ill
s—
 p
ro
bl
em
 so
lv
in
g,
 
go
al
 se
tti
ng
, c
op
in
g,
 
co
m
m
u
n
ic
at
io
n,
 p
er
so
na
l g
oa
l 
se
tti
ng
, p
er
ce
iv
ed
 ri
sk
, e
m
ot
io
ns
, 
ba
rri
er
s a
nd
 fa
ci
lit
at
or
s t
o 
pe
rfo
rm
in
g 
ta
rg
et
 b
eh
av
io
rs
, 
ad
he
re
nc
e 
re
m
in
de
rs
; m
ob
ile
 
ph
on
es
N
on
-R
CT
 (c
ase
 st
ud
y);
 
in
te
rv
en
tio
n 
sh
ow
s 
pr
el
im
in
ar
y 
ev
id
en
ce
 o
f e
ffi
ca
cy
 to
 
im
pr
ov
e 
ad
he
re
nc
e
A
RT
 
an
tir
et
ro
v
ira
l t
he
ra
py
,
 
M
SM
 
m
en
 w
ho
 h
av
e 
se
x
 w
ith
 m
en
, N
R 
n
o
t r
ep
or
te
d,
 P
DA
 
pe
rs
on
al
 d
ig
ita
l a
ss
ist
an
t, 
PH
W
 
pu
bl
ic
 h
ea
lth
 w
o
rk
er
,
 
PL
W
H
 
pe
rs
on
s l
iv
in
g 
w
ith
 H
IV
 in
fe
ct
io
n,
 R
CT
 
ra
n
do
m
iz
ed
 
co
n
tr
ol
le
d 
tri
al
, S
M
S 
sh
or
t m
es
sa
ge
 se
rv
ic
e,
 S
TD
 
se
x
u
al
ly
 tr
an
sm
itt
ed
 d
ise
as
e
a “
Pe
op
le
 o
f c
ol
or
”:
 u
se
d 
to
 b
ro
ad
ly
 d
es
cr
ib
e 
pe
rs
on
s o
f n
on
-w
hi
te
 ra
ce
/e
th
ni
ci
ty
 (n
on
-U
S s
tud
ies
 on
ly)
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Table 2
General characteristics of included studies (k = 45)
k %
Demographics
 Sample >50% male 30 66.7
 Sample >50% people of color 18 40.0
 Sample with transgender 6 13.3
 Target youth and young adult 5 11.1
Setting
 US based 22 48.9
 Non-US based 19 42.2
LRC FOCUS
 Linkage 1 2.2
 Retention 4 8.9
 ART adherence 27 60.0
 Retention and ART adherence 2 4.4
 Linkage and re-engagement 1 2.2
ART adherence and virologic suppression 8 17.8
Retention and virologic suppression 2 4.4
Mechanism of change
 Cognition 27 60.0
 Knowledge 23 51.1
 Emotional well-being 19 42.2
 Access 11 24.4
 Skills building 10 22.2
 Theory-based 19 42.2
Technology
 SMS/mobile phone 20 44.4
 Other mobile phone use 8 17.8
 Computer 9 20.0
 Electronic reminder 5 11.1
 Video 2 4.4
 Pager 1 2.2
Study design
 RCT 31 68.9
 Non-RCT 14 31.1
Note Percentages exceed 100% in certain categories due to multiple responses
LRC linkage, retention and care, ART antiretroviral (medication) therapy, SMS short messaging system, RCT randomized controlled trial
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